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ABSTRACT 

This study was designed to describe teachers' atid 
students' conceptions of biology and biological knowledge. The 
conceptions were revealed through observations of classroom events, 
individual discussions, and interpretations of verbal communications 
recorded during classroom presentations and were described in terms 
of significant positions in a philosophy of biology. Three biology 
teachers and eighteen students participated in this qualitative 
study. The participants' conceptions of biology were analyzed and the 
individuals were grouped according to the philosophy of biology they 
most frequently exhibited. The three teachers were perceived as 
exhibiting a modified positivistic position. Conclusions reached in 
the study indicate biology is conceived by the majority of the 
participants in a positivistivc manner. The teachers conceive of it 
in this way and their lesson presentations reinforce their 
conceptions. Students generally adopt a conception of biology that 
agrees with the teachers' views. (ML) 
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ABSTRACT 

This study attempts to reveal and describe teachers* and 
students' understandings of biology. The attempt to reveal the 
participants' understandings was accomplished by examining their 
conceptions of biology. Hieir conceptions were revealed through 
observations of classroom events^ individual discussions the 
researcher held with the participants and interpretations of verbal 
communications recorded during classroom presentations. The 
participants* conceptions were described in terms of significant 
positions in a ^lilosophy of biology. 

The conceptual framework of thQ study was seen as a series of 
principles that have a reciprocal arrangement with the study. The 
principles directed the research just as the research influenced the 
framework. The principles included premises from the sociology of 
knowledge, hermeneutics and the philosojiiy of biology. 

A review of science education research indicated that 
methodologies emfiloyed in quantitative studies did not allow questions 
to be examined from various philosophical positions. Recently the 
developm^ent of qualitative techniques has created a form of research 
that permits questions to be examined from a variety of philosophical 
positions. 

A qualitative approach was used in the study. Three biology 
teachers and eighteen studcdits participated in che study. The 
research methodology consisted of observing and recording on audio 
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cassettes the three teachers' lessons on nutrition, Individual, 
informal discussions were held with each of the three teachers and 
eighteen students. The informal discussions were also recorded. 
Complete transcriptions were made of each informal discussion and the 
lessons of one teacher. Partial transcriptions were made of the 
lessons of the other two teachers. Written interpretations of the 
participants' conceptions were made and returned to the individuals 
for validation. 

iln analysis scheme based on Esland (1971) and Werner (1978) was 
developed. The participants" conceptions of biology were analyzed 
according to the framework and the individuals were grouped according 
to the philosophy of biology they most f requex.cly exhibited. The 
three teachers were piixceived as exhibiting a modified positivistic 
position. The eighteen students were divided into three groups. 
Seven students exhibited a modified Baconian image of biology/ three 
students exhibited a modified positivistic image and three students 
exhibited a conceptual change view* Five students chose not to 
ptovide a second validation and their conceptions were not analyzed. 

Conclusions reached in the study indicate biology is conceived 
by tlie majority of the participants in a positivistic manner. The 
teachers conceive of it in this way and their lesson presentations 
reinforce their conceptions, students generally adopt a conception of 
biology that agrees with the teachers' views. In three cases, 
students exhibited views that suggest contemporary philosophical 
thought. 
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INTRODDCTICN TO TBE STOBY 

Introduc±ion 

Trac3itionally biology is viewed as a science that is rational/ 
objective and concerned with explanation of natural ^lenomena. in 
conjunction with this view there is an understanding that biological 
knowledge consists of observable information derived from controlled 
experiments. The purpose of establishing such information is to 
provide explanations so that accurate predictions can be made and 
nature can be controlled. This view of biology is largely based on 
Francis Bacon's view of the scientific method. Although Bacon had 
little influence over his contemporaries (Dampier/ 1971/ p. 126)/ the 
"Baconian method" has directly influenced science education. A 
variety of textbooks/ including Mem Biohm. (Otto and Tbwle/ 1977/ 
p. 5-6) outline a slightly modified Baconian method and state/ "The 
steps in this research method are logical and orderly. In fact they 
are simply a system of common sense." 

A Baconian view of science education is commonly presented to 
students but it is only one way of viewing biology and it is suggested 
that such a view excludes many attributes of science. For example/ 
intuitive elements of artisanship are excluded from the discipline. 
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Uiis study is an attempt to examine biology teachers* and 
students* conceptions of biological knowledge and biology and as a 
result disclose their notion of high school biology. 

Purpose of the study 

Frequently, biology textbooks include a section that deals 
directly with the author's conception of biology or his conception is 
blended into material included in the preface / introduction or 
beginning chapters. The textbooks that are authorized by Alberta 
Education as primary resources for Biology 30 offer particular 
interpretations of biology (Kimball, 1974; McElroy and Swanson, 1968). 
For example/ McElroy and Swanson portray biology as a method of 
understanding the natural world so that predictions can be made. 
Implicit in th- ; ^ meaning of the word "understand" is an element of 
control where maii has power over nature. This point is clearly stated 
when they say, "Understanding is also a means to power. That is, 
pov/er to control and use our environment to our advantage." (1968/ p. 
122). In contrast/ Kimball presents biology as being complex and 
difficult to understand but possessing a beauty beyond description. 
Although Kimball has introduced an aesthetic element/ he is consistent 
with McElroy and Swanson*s view of science as a way of controlling 
nature because he states "with new knowledge comes new power" (1974/ 
p. xvii). 

In addition to curriculum materials presenting a particular view 
of biology/ teachers of the discipline also project a view of the 
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subject when they present subject matter to students, while 
considerable research has been done on the development of a wide range 
of science curricula, little attention has been paid to the underlying 
views of science projected by those curricula. Besides a lack of 
research on the underlying views of disciplines associated with the 
curricular projects, little work has been done on teachers' 
conceptions of science or how their conceptions colour the 
presentation of material to students. 

This study attempts to reveal and describe conceptions of biology 
and biological knowledge that teachers and students of biology hold. 
Their conceptions are revealed through observations of classroom 
events, individual discussions the researcher held with the 
participants and interpretations of verbal communications recorded 
during classroom presentations. The participants' conceptions of 
biology are then described in terms of significant positions in a 
philosophy of biology. An element of the study is to relate the 
participants' conceptions of biology with their view of knowledge and 
with that as a grounding attempt to describe their conceptions of 
biological knowledge. 

The study should provide the participants an opportunity to 
reflect on their view of biology and biological knowledge because of 
their involvement in the research process. Hopefully, the study will 
also reveal a variety of conceptions of biology and provide educators 
with a clarification of an existing situation which may act as a basis 
for subsequent research questions. 
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FOCUS of the study 

Hie focus of the stu<^ is an exploration of the conceptions of 
biological knowledge that are held by teachers and students of biology 
as well OS their conceptions of biology as a discipline. A particular 
effort is made to examine the teachers' conceptions and how they are 
reflects in classroom presentations. Once the participants' 
conceptions are examined a synthesis of the observations , analyses and 
interpretations is made. The synthesis of this material brings out 
the major points of the teachers' and students' conceptions. The 
meaning that is obtained from, the synthesis is examined in terms of 
positioning the participants' conceptions within a philosophy of 
biology. 

Methodological approach to the stu<^ 
The situational study 

One assumption of the present study is that individuals interpret 
biology from their own personal orientations. This point is discussed 
in detail in Chapter II when tl^e theoretical framework of the 
dissertation is considered. 

Given that participants react to the stucty from various 
perspectives it is necessary to position the study within an 
appropriate methodology, in Knowledge and Human Interests , Habermas 
(1971) conducts a critique of the conceptions of science which may be 
found in the writings of philosophers and practitioners of science up 
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to that time* He attempts to show that there is no single model of 
science but rather several forms of scientific inquiry. Each form of 
science is governed by man's particular interests. These interests 
are basic to man and characteristics associated with such interests 
are connected to specific dimensions of the social world. On this 
basis Habermas concludes that scientific knowledge is not a p.^re and 
value-free product of an objective methodology/ but it is linked by 
man's interests to the reproductive processes of social life. The 
three forms of scientific activity are termed "empirical-analytic 
science"/ "historical-hermeneutic science"/ and the "critical social 
sciences" 0971^ pp. 308-315). Associated with these Habermasian 
forms of science are three basic orientations of man's ir.terests. 
Each orientation determines the type of activities to be pursued as 
well as the form of knowledge that is warranted. ;3?he structure 
Habermas developed allows us to question knowledge that individuals 
hold and the assumptions on which such knowledge is based. 

Aoki (1978) expanded the Habermasian framework so that it is 
applicable to curriculum research. He adapted Habermas's forms and 
expanded them into three orientations which act as metaphors that 
"help us to disclose approach :.:s to curriculum development/ 
curriculum evaluation and curriculum research (p. 2)." 

The dominant orientation within our society is termed empirical- 
analytic where the primary interest lies in establishing predictive 
control in technical situations. The second orientation is termed 
historical-hermeneutic where the primary interest is associated with 
the understanding of meaning attributed to situations by individuals 

19 
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'.aie third orientation is termed critical-theoretic in which 
emancipation and concern for the human condition is most important* 
Implicit with the third orientation is a denied for action which 
improves' the human conditioru 

Etpirical-arialytic orientation 

The empirical -analytic orientation is one in which man views the 
world in a technological way. Major values of this perspective are 
control r certainly^ ^gtHdij^abillty exid efficiency (Werner, 1978, p. 
7). Individuals i^ho ac?opt ti\is oriaitation view themselves as 
applying a meiiiod cixrcugh v;hi.ch they control events, in effect, they 
are separating man from fclie world and viewing the world as an object. 
A key factor in their world perspective is the existence of immutable 
laws which allows man to identify cause and effect relationships. It 
is through such relationships that their conception of control becomes 
possible (Thompson and Held, 1982, p. 7). 

Objectivity plays a major role in this orientation because 
knowledge that is considered neutral is seen as certain. Knowledge 
which is based on controlled experiment is viewed as being objective 
because an individual has isolated variables and tested the apparent 
effect of each factor. Because individuals have confidence in the 
method, they attribute the characteristic of certainty to value-free 
knowledge and they accept such knowledge as true. 

The concept of objectivity is dependent upon the separation of 
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man and the world By viewing himself as separate from the world it 
is possible to cx)nceive of an independent natural world, when man 
investigates natural phenomena his conception of objectivity excludes 
his social interests and knowledge produced by those social interests. 

Situational orientation 

A fundamental assnjaption of the situational orientation is that 
man gives meaning to situations in which he finds himself. Associated 
with the concept of assigning meaning is the idea that individuals act 
with intentionality CWagner/ 1970/ p. 318). An intentional act is any 
act through which a person experiences an object. It is through such 
intentional acts that individuals establish meanings because once an 
object is experienced the object itself is cognitively constituted. 
Man is seen as being part of the world instead of being separate from 
it because he gives meaning to his situation. With man and his world 
being one, there is a reciprocal influence in any action. 

The values of this orientation are the relevance and meaning 
associated with particular situations. Since the practical interest 
of interpretation is intersubjective understanding, man's efforts are 
directed to determining and clarifying the meanings of situations. 
With reality being considered as socially constructed/ knowledge is 
not viewed as an object; instead it is viewed as part of an individual 
because it is dependent on the history of the world as well as the 
individual's personal experiences. Knowledge is not a reality; it 
varies from person to person. 
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Critical -theoretic orientation 

A basic assumption of the critical-theoretic orientation is that 
man's perspective of the world is shaped by personal experiences and 
the world's history. Any personal action is inevitably biased because 
everyone brings a viewpoint to a situation. A critical orientation is 
concerned with examining the underlying values and assumptions 
associated with perspectives in order to reveal and clarify the basis 
of action. The questioning of underlying values and assumptions is 
referred to as critical reflection and its purpose is to disclose and 
make explicit the framework and foundation of actions. 

Implicit within this orientation is the idea that critical theory 
leads to change. Critical theoiy provides a basis for change because 
alternatives are suggested when a foundation is questioned at the 
level of values and assumptions. To assist in the generation of 
alternatives Werner (1978, p. 19) identifies a series of questions 
that may be considered when a critical approach is adopted. For 
example, when a perspective is being disclosed questions concerning 
the underlying interests, assumptions and approaches of that 
perspective should be raised. 

Context of the stuc^ 

The present stu(J^ is seen as partially belonging to both the 
situational and critical orientations. The situational orientation is 
adopted because a segment of the study involves an investigation of 
meanings of teachers* and students' conceptions of biology and 
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biological knowledge. As such the study attempts to disclose meanings 
associated with various conceptions. Part of making the 
interpretations of the teachers' and students' conceptions is an 
analysis which raises questions of the perspectives of man and 
knowledge/ social relations between teachers and students / as well as 
the control of communication. ^ raising such questions the study is 
adopting a reflective stance which reveals the framework and 
foundation of a particular situation. Consequently, the study is not 
purely situational nor critical-reflective. 

A review of science education literature indicates empirical- 
analytical interpretations of science have been a concern for a long 
time (Hurd/ 1970/ 1975; Kessen, 1964; Kimball/ 1968; Mackay/ 1971; 
Mead and Metraux/ 1957). These studies are in the empirical-analytic 
mode of educational research where control/ certainty/ efficiency/ 
precision/ predictablility and standardization are predominate values. 
The studies were aimed at identifying and overcoming deficiencies of 
students and teachers. An implicit assumption of these studies is 
that researchers' perceptions of deficiencies are accurate and by 
explaining the causes of such deficiencies appropriate techniques will 
be developed to overcome them. This dissertation is dissimilar to the 
analytical studies in that it attempts to understand participants' 
conceptions of biology and the significance such conceptions have for 
the study of biology. Because the intents and the mode of research 
chosen for the study are different than those of the studies cited/ 
the criteria on which knowledge claims are to be judged are also 
different. Criteria concerning validity/ reliability and 
generalizability are interpreted in the following way. 
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validity 



Validity in qualitative studies is interpreted to be "the 
adequacy of a description as a representation of a social situation" 
(Dawson, 1979/ p. 1). Since the adequacy of a description involves 
various purposes, the validity of knowledge claims must be viewed from 
a framework that recognizes the relationships among these factors. 
Statements concerning validity must be viewed as whether or not the 
descriptions provided accurately reflect and interpret the 
participants' meanings. Dawson indicates several ways to establish 
validity, but the major method is to ensure that participants confirm 
or disconf irm the researcher's descriptions and interpretations of the 
situations. Psathas (1973) also offers tests of validity for 
qualitative studies. The first test is s:^milar to Dawson's in that it 
asks whether descriptions and interpretations accurately reflect the 
participants' meanings. The other tests are more applicable to 
ethnograjiiic studies where a culture is being investigated, and they 
are not considered here. 

Reliability 

Reliability, as it is used in empirical studies, involves the 
concept of measuring accurately and consistently from one situation to 
another (Best, 1977? Travers, 1969). The present study uses the 
concept of reliability in a different sense compared to Best and 
Travers, yet there x common feature to both interpretations. Since 
this study is based in a situational mode, empirical reliability?' is 
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inappropriate because quantitative measurements are not being taken. 
Reliability in terms of this study is understood to mean that 
descriptions and interpretations accurately and consistently reflect 
the situ?iions as the participants experience them. It is in this way 
that reliability is closely connected to validity, in other words, if 
the data, descriptions or interpretations are valid they must be 
reliable. 

Generalizability 

Generalizability as used in this study is interpreted in Denton 
(1974, p. 112) and Stephens's (1982, p. 78) manner in which features 
of a specific situation are abstracted and then linked to general 
considerations. The study does not attempt to use generalizability as 
it is interpreted in terms of sampling theory. The concept of 
generalizability is to be understood as whether the reader can extract 
themes from participants' interpretations of biology so that the 
reader makes sense of his particular situation, in Denton's words, if 
there is movement from general to particular and back again 
generalization has taken place. 

Research methodology 

The study began with the identification of a research question 
which arose from examining the thesis put forward by T. Kuhn (1962) in 
Tbs. Structure <2f Scientific Revolutiiona. His argument suggests that 
biology as it is presented to students is a misinterpretation of what 
the discipline has been, what it is and what it is capable of doing. 
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The research question took the form of r What are the conceptions of 
biology and biological knowledge that are held by teachers and 
students of biology? Once a research question was formulated planning 
vas undertaken to allow the researcher entry into a research 
situation. 

As a situational study depends upon the cooperation of the 
participants, preparation for entry into a situation must be carefully 
E^anned* The following discussion will focus on the pre-entry, entry, 
and follow-up procedures employed in the research. 

Pilot study pre-entry 

A literature search revealed that previous studies related tc 
individuals' conceptions of science employed a technical orientation. 
Such an orientation was perceived by the researcher as a limitation. 
The studies are discussed in Chapter ill. To avoid having students 
and teachers react to the researcher's conception of biology it was 
decided to adopt a situational research framework. Once a situational 
framework was adopted it became necessary to determine the feasibility 
of such an approach in terms of the research question. 

The researcher approached a university faculty member and briefly 
explained the proposed research to determine if the faculty member was 
aware of biology teachers who might consider being involved in a 
research project. Four individuals were suggested. The first teacher 
contacted expressed interest in the study and agreed to participate if 
the study was acceptable to the administrators of the school. 
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Planning for the pilot study began and it was decided the purpose 
was to determine: 

(1) what are ^ypropriate questions that reveal teacher and 
students' conceptions of biology; 

(2) if classroom events influence students' conceptions of 
biology; 

(3) what views of biology are currently held fcy the participants 
of the study; 

(4) if the participants are able to identify factors that 
influence their conceptions of biology. 

It was planned that the researcher would observe classroom 
lessons during the time subsection 2 (Nutrition) of the Biology 30 
curriculum was taught. This section was purposely chosen as some 
information dealing with autotrophic and heterotrophic nutrition is 
not clearly understood by biologists. The authorized textbooks 
indicate some information concerning nutrition is either presently 
unexplainable or explained by conflicting theories (Kimball/ 1974/ pp. 
289-292; McElrqy and Swanson/ 1968/ pp. 498-500). It was anticipated 
this section of the curriculum would provide the teacher an 
opportunity to present biology as a discipline which deals with 
tentative knowledge. An opportunity would also exist for the teacher 
to present a number of conflicting theories and thereby illustrate 
creative aspects of biology. For example/ elements of personal 
commitment/ nonrationality/ intuition or imagination could be 
demonstrated through the presentation of conflicting theories. The 
reason the stuc^ was done with Biology 30 students is that the 
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researcher assumed older students would be more aware of their 
conceptions of biology and biological knowledge and they also would be 
more readily aware of factors that influenced the development of their 
conceptions. 

The teacher who agreed to cooperater spoke to the principal of 
the school to determine if a research project would interfere with the 
school's operation during a two-week period in late October or early 
November. The principal of the school indicated a research project 
would be acceptable if conducted at that time. The researcher 
submitted an official application to the Edmonton Public School System 
on September 29, 1982, to perform a pilot study. Official ^proval 
for the pilot study was received October 6, 1982 and the researcher 
contacted both the teacher and principal to arrange a time to discuss 
the rationale and the techniques of the proposed research. Because 
the research focused on a specific portion of the Biology 30 
curriculumr an agreement was made between the researcher and teacher 
to begin the project November 8, 1982. 

The pilot research was to take place in two phases. First, the 
procedure was to record the teacher's classroom presentations 
concerning nutrition on audio cassettes and, at the completion of the 
lessons, record a discussion dealing with the teacher's conception of 
biology, it was planned that an interpretation of this material would 
be made and returned to the teacher for validation. The validation 
procedure was to discuss the interpretation with the teacher to 
determine if it accurately reflects the situation as well as his 
conception. Once the teacher had commented on the interpretation it 
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was to be re-written and submitted for a second validation. 

The second pciase consisted of attempting to establish students' 
conceptions of biology. It was planned that the members of the class 
would be approached by the researcher at the end of the first week's 
observations to rejuest six students to volunteer to discuss their 
conceptions of biology with the researcher. The discussions were 
planned to last approximately fifteen minutes, be done on an 
individual basis or in groups of two, and be conducted during the 
students* spare periods. The discussions were to be open-ended but 
based on a set of questions similar to those included in i^3pendix A. 
The questions were designed to reflect the content matter of the 
lessons that were presented at the time of the individual discussions. 
The validation procedure for the students was similar to the one 
previously described for the teacher. The only difference was that 
they were to be prepared as soon after the discussion as possible. 

Pilot study entry 

A situational study is dependent upon the researcher being 
accepted and trusted by the participants. If acceptance and trust are 
lacking on the participants' part/ it is doubtful a study similar to 
the proposed research would be possible. In an effort to establish a 
feeling of trust it was planned the teacher would discuss with the 
students the researcher's arrival prior to the beginning of the 
observations. It was also planned that at the beginning of the first 
period in which classroom observations were to be made, the researcher 
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would explain the reasons for his presence, the type of research that 
was being conducted and how the students could be involved in the 
study. It was a purposeful decision not to ask for six student 
volunteers at this point but to wait for one week and allow the 
students to become familiar with the researcher's presence. 

Opon arrival for the first classroom period involving 
observations, it was discovered the cooperating teacher was absent and 
a substitute teacher was unaware of the research project. Students 
showed some curiosity as to why the researcher was in the classroom. 
Two students asked the researcher why he was there and after a brief 
explanation one of them said "O.K.r I know who you are." 

At the beginning of the second week of observations students were 
asked to volunteer to discuss their conceptions of biology with the 
researcher. Six students agreed to volunteer after hearing a brief 
explanation of the tyipes of questions that would be involved in the 
discussions and the validation procedure. Arrangements for suitable 
times for the discussions were made at the conclusion of the class. 
The informal discussions were recorded and the researcher prepared 
initial interpretations of the students* conceptions of biology. Of 
the six students who originally volunteer ed# one chose not to 
participate. 

Pilot study validation 

At the completion of the classroom observations the cooperating 
teacher was hospitalized and the validation of the interpretations of 
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dassrcx^m lessons was not carried out. 

Shortly after a stuc3ent caiscussion took place the researcher 
listened to the recording/ prepared an initial interpretation of the 
student's conception of biology and then gave the interpretation to 
the student for comment. The students were instructed to make 
comments on points they agreed with/ disagreed with or did not 
understand. The researcher indicated he would discuss these points 
with the student. The students briefly read the interpretation and 
agreed with the written statement. Based upon the students' comments/ 
corrections and alterations were made to the interpretations wherever 
necessary. 

An examination of the pilot study data revealed that an informal 
discussion using open-ended questions disclosed participants' 
conceptions of biology and biological knowledge. It was also 
discovered that students associate their conceptions of biology with 
current classroom events/ as well as earlier science courses. It was 
observed that the students read the interpretations quickly and then 
agreed with the comments. Two inferences are contained in this 
observation. One, the interpretations were superficial and they 
repeated the students' comments instead of making an interpretation. 
The second inference is the students were not given adequate 
instructions and they did not understand the purpose of having them 
validate the interpretations. 
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Research pre-entry 

As the research project developed it was decided it should be 
expanded from one teacher and six students to three teachers and 
eighteen students. The reason for expanding the study was to gain a 
broader view of individuals' conceptions of biology and biological 
knowledge. At this time a question arose as to whether observing the 
lessons of three classrooms plus interpreting eighteen student 
discussions plus three teacher discussions was excessive in terms of a 
time commitment. Despite some misgivings about the amount of time 
involved in the expanded study the researcher decided to proceed* 

As in the pilot study, a university faculty member was approached 
for a list of biology teachers who he thought would be receptive to 
participating in a research study. Early in January 1983 thirteen 
teachers were contacted and the nature of the study was explained. A 
Science Department Head of a large composite high school stated he 
would approach staff members to determine if they were^ interested in 
participating in such a study. Approximately a week later the 
department head provided names of three Biology 30 teachers who 
volunteered. On the basis of information received from the pilot 
study plus the three volunteer teachers, a request was made to the 
Edmonton Public School Slystem on January 19, 1983 for permission to 
conduct an enlarged study. The study was to involve eighteen students 
plus three teachers from three Biology 30 classes, i^roval was 
received January 31/ 1983 for the study to proceed. 

Once again the department head was contacted and he arranged to 
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introduce the participating teachers to the researcher. During the 
discussions with the three teachers the rationale and the methodology 
of the study was explained. Agreement was reached when the 
observations would begin. 

Overview of the research method 

The dissertation is considered a situational study because it 
examines a group of individuals in a particular situation (Werner and 
Rother 1980). The phenomena of revealing meanings associated with 
individuals* conceptions and the implications such meanings have for 
knowledge, are not directly observable, therefore a variety of 
ethnographic techniques are employed. For example, discussions based 
on open-ended questions, observations, participant observations and 
transcripts of lessons are employed in the study. These techniques 
are adopted because they have the potential of uncovering meanings 
associated with individuals* conceptions. 

The planned research method was for the researcher to act as an 
unobtrusive observer for the first week of classes and make 
observations of classroom events as well as record, on audio 
cassettes, lessons presented by the teachers. The intent of this 
position was to minimize interruptions in classroom events. The first 
week was seen as an adjustment period in which a working relationship 
of acceptance and trust was developed. At the beginning of the second 
week the researcher*s role was to become one of an observer- 
participant because a request was to be made for six students of each 
class to volunteer to discuss their conceptions of biology and 
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biological knowledge with the researcher. Ihe observer-participant 
role was to continue until the completion of the study. 

The validation of student discussions was to overlap with data 
gathering. The researcher anticipated a discussion would be held with 
a student and a written interpretation of the discussion would be made 
later in the day. The interpretation would be given to the student at 
the next class and a request would be made of the student to review 
the interpretation critically. The purpose of the critical review \/as 
to ensure the researcher did not misrepresent the situation nor the 
student's conception of biology or biological knowledge. Once the 
student had reviewed the interpretation it was to be re-written on the 
basis of the student's comments. 

The validation procedure for the three teachers differed because 
a transcription of their lessons was necessary for an interpretation 
to be made. Originally it was planned that a transcription of each 
teacher's lessons and discussion would be prepared. Once the 
transcriptions were prepared an interpretation of each teacher's 
conception of biology and biological knowledge would be made. A copy 
of the interpretation was to be sent to each teacher requesting they 
review it and mark points they agreed with, disagreed with, or did not 
understand. Based on their comments, corrections and alterations 
would be made to the interpretation wherever necessary. 

An analysis scheme was purposely left undecided until after the 
transcriptions were examined for prominent themes. This decision was 
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taken because a preconceived analysis scheme predetermines which data 
are considered important thus providing direction to the 
interpretations . 

Research entry 

At the meetings with the three teachers it was agreed 
observations would begin February 28, 1983 with teacher "C". The 
three teachers are labelled "A"r "C", and "D". There is no teacher 
"B" as the researcher used the initial of his surname in the 
transcripts of teachers and students' discussions as well as those of 
classroom lessons. The starting times for making observations were 
staggered because the three teachers were at various points in the 
previous section of the course. 

Teacher "C" began the nutrition section February 28, teacher "A" 
March 3, and teacher "D" March 8. The length of time each teacher 
devoted to the section varied. The number of sixt/-four minute 
periods were thirteen, seventeen, and fourteen respectively and the 
researcher spent approximately four weeks, on a full-time basis with 
the three teachers and their students. 

Prior to the start of the observation jiiase each teacher 
explained to th^r class a university researcher would be conducting a 
study during the time the nutrition section of the course was 
presented. The teachers also indicated to the students that the 
possibility existed for them to be involved in the study if they 
wished. At the beginning of the first class each teacher introduced 
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the researcher and allowed him to explain the nature of the study. 
The researcher indicated to tho students that in approximately a week 
a request would be made for six volunteers. It was explained that the 
six volunteers would discuss their conceptions of biology and 
biological knowledge with the researcher. The students were told each 
discussion would last approximately fifteen minutes and they would be 
done on an individual basis. Examples of the types of discussion 
questions were provided. 

Observations 

The observation phase consisted of two parts. The first part 
consisted of recording, on audio cassettes, the lessons presented by 
each teacher. The second part consisted of making notes about the 
lessons and observations made during the classroom visits. The notes 
consisted of observations concerning teaching styles, points that were 
excluded from the lessons, the manner in which the nature of biology 
was presented and perceived content errors. M observation sheet 
(Appendix B) was used to record the main features of the 
classroom/laboratory plus teaching strategies. General notes were 
made of relevant points observed during informal discussions which 
took place at coffee breaks and lunch hours. 

Discussions with teachers 

It was planned an informal discussion would be held with each 
teacher after each teacher's series of lessons was complete. The 
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reason the discaissions were planned after the lessons was that the 
context of many of the questions depended on the lesson material. The 
discussions were of an informal nature and they each lasted 
approximately one hour. The terra "informal discussion" is defined in 
a manner similar to Rowell (1983/ p. 20). She states an informal 
interview is "a conversational exchange between two people who are 
prepared to share the meanings of their experiences. The direction of 
the interview is guided by those experiences which the participants . 
recognize as relevant to the inquiry. The interviewer does not select 
questions designed to elicit the s]E»cif ics of a situation/ but rather/ 
questions which in revealing his "not-knowing" of the experience/ 
invite the participant to disclose his interpretations." 

Questions posed during the informal discussions focused on the 
individual teacher's view of biology as a discipline/ their conception 
of biological knowledge/ and their philosophy of science as it relates 
to biological knowledge. At the end of each discussion questions were 
raised about points observed during the series of lessons. For 
example/ one teacher developed a mechanistic analogy to explain how 
scientific observations are considered proof for a theory or an 
hypothesis and the researcher questioned the teacher as to what 
constitutes scientific proof in terras of his conception of biology. 

Discussions with students 

The discussions with students were also of an infoiiprul nature. 
The questions that were used to initiate the discussions are hised in 
the philosophy of science and the sociology of science (Appendix C). 
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The questions are based on a variety of works (Payr 1975; Peyerabendr 
1975r 1980; HarriSr 1979; Kimball, 1968; Kuhn, 1962; Mulka^r 1979; 
Popperr 1962) and they were modified to suit particular discussions as 
well as the topic of nutrition* Although a framework existed to 
initiate discussions many questions arose from classroom events or 
students' commexits and questions, in this way the discussions were a 
conversational exchange in which the direction was not predetermined. 

Analysis of data 

Teachers' analyses 

A predetermined analysis scheme dictates the data that are 
exaininedi To avoid this limitation it was decided to make a 
transcription of each teacher's lessons and informal discussion and 
then examine the transcriptions for prominent themes. In terms of 
this study prominent themes are those that are repeated in the 
transcription or those that the teacher emphasized through 
communicative devices. The framework for establishing themes is 
repetition or emphasis and the researcher assumes those points that 
are repeated or emjiiasized are considered important by the teachers. 
A framework and an analysis scheme are different in that a framework 
is equivalent to a perspective while an analysis scheme is a method by 
which the prominent themes are examined. 

Once teacher "A^'s themes were established one analysis scheme 
was developed. The analysis scheme consists of a series of guiding 
questions based on studies by Esland (1971) and Werner (1978). The 
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guiding questions provide a focus which permits the researcher to 
examine a teacher's pedagogic and subject perspectives. As a result 
of examining a teacher's perspectives / interpretations are made of his 
conceptions of biology as a discipline and biological knowledge. 

A copy of the interpretation was sent to teacher "A" and he was 
requested to examine it in light of points he agreed with, disagreed 
with/ or riid not understand. A time was arranged to discuss the 
interpretation with him. The discussion formed the first validation 
of the interpretation. 

Once an interpretational framevrork was established it became 
possible to listen to the audio tapes and transcribe selected portions 
of lessons for teachers "C" and "D". The reason this was done was to 
reduce the massive number of hours required to obtain literal 
transcriptions in which some of the material is inconsequential. The 
informal discussions for both of these teachers were fully 
transcribed. The interpretation and validation procedure used for 
teacher "A" was followed for teachers "C" and "D". 

Students' analyses 

At the beginning of each discussion with a student the researcher 
explained the discussion would be recorded and reviewed later in the 
day. The researcher listened to each discussion and prepared a 
written interpretation of the major points related to the student's 
conceptions of biology and biological knowledge. The interpretation 
was given to the student the fo]J.owing day with instructions to 
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provide the first validation of it. 

A transcription of each student's discussion was prepared and 
examined in terms of the historical view of the philosophy of science 
as it is discussed in Chapter III. The purpose of examining the 
student's discussions was to describe their conception of biology in 
relation to established positions in the jdiilosojiiy of science. The 
discussions were also examined for points which describe the student's 
conception of biological knowledge. An interpretation of the 
student's conceptions of biology and biological knowledge was made on 
the basis of the transcription of the discussion/ and the validated 
interpretation. The eighteen interpretations were mailed to the 
students and arrangements were made to discuss the interpretations 
with them. Comments received during these discussions served as the 
basis for a second validation. 

Validation procedures 

Teachers' validations 

At the conclusion of each teacher's informal discussion the 
researcher indicated that a transcription of the lessons and 
discussion would be made and they would provide the basis of an 
interpretation of the teacher's conceptions of biology and biological 
knowledge, it was also indicated that the interpretation would be 
mailed and the researcher would arrange a time to discuss the 
teacher's comments. 

The first validation consisted of discussions in which the 
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indiviciual teachers and the researcher went over the interpretations 
point by point. Each discussion was approximately three to three and 
one-half hours in duration. During this time the teachers indicated 
points they agreed with, disagreed with or did not understand. They 
also provided insights into reasons for events included in the 
interpretations. They clarified their conceptions by explaining their 
views in terms of the philosophies of science and education. Based on 
each teacher's comments the interpretations were revised where 
necessary. 

The second validation consisted of discussing the re-written 
interpretation with each teacher and once again re-writing it where 
necessary. The discussions, for the second validation were 
approximately fifteen minutes in duration. 

A third validation occurred for two of the teachers. After 
completion of the second validation the researcher again contacted two 
of the teachers to clarify specific issues that had arisen from re- 
examining the interpretations. 

Students' validations 

The student validations took place in two stages. The first 
stage consisted of explaining to each student the importance of 
reading the interpretation critically to see if the researcher 
represented their conceptions of biology and biological knowledge. 
The pilot study revealed students read the interpretations very 
quickly and did not raise many questions. To overcome this difficulty 
in the main study the researcher stressed the importance of providing 
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comments about the interpretation. Also the researcher indicated that 
a statement may be included in the interpretation that the student had 
not said nor intended to say. One such statement was included in one 
student's interpretation and the student immediately identified the 
statement* In each case the student's comments were noted and 
included in the revised interpretations. 

The second stage of the student validation consisted of sending 
the eighteen re-written interpretations to the students and arranging 
a time to discuss points related to the interpretations. Of the 
eighteen students, eight discussed the interpretations of their 
conceptions in person. The discussions l^ically lasted about forty- 
five minutes. Five students mailed comments and five students chose 
not to respond. On the basis of the comments received the 
interpretations of the conceptions of thirteen students were re- 
written. 

Chapter I discusses the background to the study and identifies a 
methodology which places the dissertation in the situational and 
critical orientations. The discussion of the methodology describes 
the pre-entry/ entry and validation procedures for both the pilot and 
main studies. The methodology consists of an observation 0iase during 
which teacher's lessons were recorded on audio cassettes and a 
discussion phase where individual informal discussions were held with 
three teachers and eightee-: students. Transcriptions of the lessons 
and discussions formed the basis of interpretations of the 
participants conceptions of biology and biological knowledge. The 
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interpretations were validated by discussing them with the 
participants and re-writing the interpretations where necessary. 
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CXNCEPTOAL FRAMEWORK OF THE STODY 

Introduction 

This chapter outlines the conceptual framework for the study. 
The framework is not to be considered a rigid structure which moulds 
the research methods or results r but is seen by the researcher as 
having a dialectical relationship between itself and the 
practicalities of the research. By outlining the conceptual framework 
the structure for the study is clarified and particular 
predispositions of the researcher are revealed to the reader. 

Framework of the study 

Alfred Schutz (1962, 1967, 1970) develops the premise that 
meanings that make up the common-sense world are based on experiences 
within that world. To examine the meanings of the common-sense world 
it is necessary to realize that meanings arise from interpreting 
experiences. Britton (1970, p. 12) summarized the essential point of 
Schutz's premise by stating, "we construct a representation of the 
world as we experience it, and from this representation, this 
cumulative record of our own past, we generate expectations concerning 
the future; expectations which, as moment by moment the future becomes 
the present, enable us to interpret the present." According to 
Schutz, if we do not realize that meanings arise from interpretations 



we accept our constructed reality as a given and never question it« 

The theory of knowledge that is being suggested by Schutz is a 
view that knowledge ir grounded in social existence. That is, as 
society changes so do our ideas, ideologies and values* Berger and 
Luckmann (1967) advanced a theory of the "social construction of 
reality" in which a basic premise is everything that passes for 
knowledge is socially based. One of the fundamental thoughts of their 
work is that the reality of specific groups is objectified in i^^mbols 
that are communicated^ such as art and language. The realities of 
these specific groups are spread throughout society and different 
groups hold to isolated meanings and values thus they interpret, or 
see, aspects of the world in different ways. Their study (1967, p. 3) 
excludes the classical sociology of knowledge, that was advanced by 
individuals such as Karl Mannheim, Max Scheler and Emile Durkheim, 
because classical knowledge was seen as ideas or what were termed the 
higher forms of knowledge. Since cultural knowledge is the basis of 
Berger and Luckmann's work, scientific knowledge is also excluded 
because the classical sociologists of knowledge argued that scientific 
knowledge was of a special form and not influenced by culture. Berger 
and Luckmann exclude scientific knowledge from their conception of the 
sociology of knowledge because th^ do not see history or present 
social conditions affecting it. 

Recently, researchers in the sociology of knowledge have begun to 
argue for the inclusion of scientific knowledge in their discipline. 
Barnes (1974); Brannigan (1981); and Mulkay (1969, 1979) argue for the 
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inclusion of scientific knowledge in sociology of knowledge because 
scientific knowledge does not possess special status and it is 
influenced by historical and cultural factors. Studies such as those 
done by Mendelsohn (1974/ 1977) and Moulines (1981) support the 
contention that cultural factors influence the development of 
biological knowl(K3ge. 

An assumption of the dissertation is that individuals 
participating in biology classes do so with intentionality. Meanings 
of situations are constructed through an individual's actions. The 
construction of meaning is part of the assumed/ but unquestioned/ 
reality that was previously mentioned. An individual's perspectives 
are also part of the taken-for-granted reality. Perspectives are 
developed partially by beliefs/ intents and interests (Werner/ 1977) 
and it is these frames of reference/ or perspectives/ that guide 
individuals in ordering their world. Since the construction of 
meaning is highly idiosyncratic an individual's perspective is 
peculiar to that person. It is on this basis that the participants in 
this study are expected to be making sense of biology from their own 
personal orientations. The concept of an individual's perspective 
provides a basis for the examination of meanings of biology and the 
resulting implications such meanings have for students' conceptions of 
biology and biological knowledge. 

The concept of perspective 

Alfred Schutz (1962/ 1967/ 1970) argues that meanings attributed 
to our common-sense world/ or "world of daily life" are socially 
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constructed. Accorcaing to his thesis the intersubjective world 
existed prior to our birth and our interpretation of this existential 
world is based on a stock of previous experiences that forms the 
world's history/ our personal experiences of that world, and 
interpretations passed to us by other individuals (Schutz and 
Luckmana/ 1973/ pu ?)• The combination of these interpretations and 
experiences form the "knowledge at hand" and it functions as a frame 
of reference from which individuals act* A person's knowledge at hand 
serves as an organized way of interpreting past/ present and future 
experiences* 

A person's stock of knowledge has a structure which is determined 
by practical and theoretic interests and it is established according 
to relevance systems (Cox/ 1978/ p. 111). As an individual's 
interests determine his relevance system it is imposed by situational 
and social conditions. One of the qualities of a relevance system and 
an individual's stock of knowledge is that they are made of 
l^ifications. The process of t^ifying (CoX/ 1978/ p. Ill) is the 
way in which meaning is given to an experience. 

The concepts of t^pes and typification create a reciprocal 
functioning of relevance systems and stocks of knowledge. The 
formation of types takes place within a context of relevance systems 
but the result is itself sedimented/ or integrated/ into previously 
acquired knowledge. Because a stock of knowledge is influenced by 
acquired knowledge/ a relevance system and a stock of knowledge are 
reciprocally related. 
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Jtocording to Schutz an individual orients himself in the everyday 
world so that he makes sense of his situation. An individual's 
orientation is determined by elements of his subjective experiences 
which direct his focus and enable him to interpret his world. The 
elements of his subjective experiences that are chosen are guided by 
"in-order-to" and "because-of" motives (Schutz, 1970/ p. 126). "In- 
order-to" motives refer to subjective experiences that determine his 
actions so that a goal is reached. "Because-of " motives refer to 
inducements from past experiences as an individual reflects on those 
experiences. The "in-order-to" and "because-of" motives provide a 
connection between systems of relevance and social action. 

Part of the common-sense world consists of social interaction 
with members of various groups. The most concrete form of social 
interaction is that of communication (Cox/ 1978/ p. 112). Within the 
concept of communication is the idea that individuals* relevance 
systems have a degree of congruence, in group organization the degree 
to which individuals* perspectives and relevance systems overlap 
determine group membership. Individuals who have overlapping 
perspectives are considered members of an in-groi^) (SchutZ/ 1970/ p. 
81) and because their system of knowledge is common/ communication is 
readily accomplished. Members of in-groi5)s accept the cultural 
pattern handed down as an unquestioned guide for interpreting the 
world. According to Schutz the function of such a cultural pattern is 
to provide a prefabricated method of establishing meaning. The 
connection between Schutz's argument and the present study is the 
participants are members of an in-group and their perspectives of 
biology become suitable for investigation. 
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One aspect of Schutz's analysis of the world of daily life is the 
origin of knowledge. As an individual's interpretation of the 
existential world depends on historicity/ personal experience, and 
teachings/ it is logically consistent that only a small part of an 
individual's knowledge originates in personal experience (SchutZ/ 
1970/ p. 96). The majority of knowledge is socially derived from 
"friendS/ parents/ teachers and teachers of teachers." A fundamental 
point of the origin of knowledge is a person is taught how to define 
the t^ical features of the world prevailing for his in-group. 
Schutz's position indicates individuals' perspectives partially 
determine what is considered the stock of knowledge and since the 
majority of knowledge is derived from sources other than personal 
experience a question is posed as to the relationship of teachers' and 
students' conceptions of biology and biological knowledge. 

In summary/ the participants in a classroom are members of an in- 
group and common aspects of their cultural pattern are shaped by their 
interests and motives, when perspectives of the in-group's everyday 
world are considered/ questions are raised which relate to conceptions 
of biology and biological knowledge. 

The previous sections deal with levels of knowledge in the 
sociology of knowledge. The main ideas contained in those sections 
are: one, biological knowledge is socially constructed as are other 
forms of knowledge. This means biology teachers and students 
construct meanings for their common-sense worlds through their social 
actions. TwO/ teachers' and students' perspectives help order their 
common-sense worlds and part of their perspectives are a variety of 
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conceptions of biology and biological knowledge. Threer the concept 
of perspective is addressed in Schutz's theory of knowledge in that 
individuals' stocks of knowledge contribute to their perspectives. 
Such stocks of knowledge are determined by individuals' relevance 
systems which are in turn determined by their motives. The "in-order- 
to" and "because-of" motives connect individuals' relevance systems tc 
their social actions. Four, biology teachers and students are members 
of an in-group and part of social action is the act of communication. 
Theref ore, by examining their conceptions of biology and biological 
knowledge that are communicated in classrooiasr relationships among the 
conceptions should be seen. Because there is a connection between 
social action and perspective the act of examining individuals' 
conceptions clarifies the image of biology and biological knowledge in 
relation to the participants' common-sense worlds. 

The concept of hermeneutics 

Hermeneutics is the study of interpretation and understanding, 
especially the task of understanding texts (Palmer, 1969, p. 8). 
Palmer identifies six definitions of hermeneutics that range from 
biblical exegesis to the study of phenomenological existence with its 
associated meaning of existential understanding. The earlier forms of 
hermeneutics generally focused on methods and validity while more 
recent forms focus on meanings associated with understanding. Recent 
hermeneutical theory concerns itself with a principle that maintains 
interpretation is shaped by the question with which the interpreter 
approaches the text as well as the inherent meaning of the text 
itself. Within this principle are the two foci of hermeneutics: one, 
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the interpretation of textS/ and two a theory of understanding in a 
general sense. 

Until recently hermeneutic theory was concerned with establishing 
the valid interpretation of a literary text. Hhe theory considered 
the understanding of a text to be a psychological reconstruction (Hoy/ 
1978/ p. U). ihe idea of a reconstruction was necessary because the 
prevailing view of interpretation was that history was no longer 
immediately accessible and a reconstruction of the text was necessary 
to bridge the past to the present. A theory of this form continues to 
have force as evidenced by Hirsch's (1967) position. He presents a 
theory which includes criteria to validate interpretations. Hoy is 
critical of Hirsch's approach because the criteria are to be aj^lied 
according to the author's intentions. Hirsch argues f(. rr :-^<:hanging 
meaning as the goal of interpretation because it is believed that some 
interpretations are more correct than others. His position is based 
on the idea that there is an objective basis for interpretations 
(Palmer/ 1969/ p. 60). A limitation of Hirsch's position is that it 
is impossible to show an objective basis is either knowable or that it 
is ever captured in interpretations. 

Hirsch claims that there is no objectivity in interpretation 
unless the meaning of the text is unchanging. He bases this inference 
on the premise that the author's intended meaning is determinate and 
reproducible (1967/ p. 27). To him, understanding of a text is 
equivalent to constructing the text's meaning in its own terms and 
interpretation of the text is equivalent to explaining the text's 
meaning. The object of understanding and interpretation is the 
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explanation of meaning^ while the object of judgement and criticism is 
determination of the significance of the text. 

According to Hoy (1978, p. 24) the theory of psychological 
reconstructionism argues that it is necessary to postulate one correct 
interpretation of the text so that validity is possible. The 
assertion of objectivity is used as a basis for maintaining the 
possibility of a valid interpretation. Hirsch connects the concept of 
validity to an author's intention and argues that if a text's meani-ng 
is validly explained the interpreter has correctly established the 
significance of the text. By arguing in this way Hirsch has connected 
validity and verification so that one depends on the other. 

Hoy (1978/ p. 33) points out validity and verification can be 
separated in that an interpretation, though correct, is still invalid 
because of fallacious arguments or the wrong reasons have been given 
for the interpretation. Validity is seen to be a condition where, 
once all the relevant evidence is t3ken into account, the 
interpretation is internally consistent. Verification is a concept 
where the interpretation is debatable in terms of its own evidence.? 
Hoy's analysis suggests an alternate form of understanding 
interpretiation is possible. 

Gadamer (1975) offers a hermeneutic theory in which the nature of 
understanding is a result of clarifying the features of the text, the 
interpreter's understanding of the subject matter, and the 
interpreter's input. This input consists of the world's history which 
the interpreter shares, the tradition in which the interpreter stands. 



previous interpretations, and the contemporary state of hermeneutics. 
By introducing the concept of "Wirkungsgeschichte", or the awareness 
of standing within an operant history, (1975, p. 263) there is no 
longer a need to postulate a bridge between past and present 
experiences. Because participants share a common world of shared 
meanings, they share a language and this means interpretation involves 
the analysis of meanings shared through communication. 'The meaning of 
the text is seen as that which the interpreter gives to the text as 
well as an inherent meaning in the text. As the text poses a question 
to the interpreter he ^roaches it with a particular personal history 
and gives a meaning to it. Because the text is a construction of 
language it also has an inherent meaning itself and the interpreter 
tests his meaning against the text (Hoy, 1978, p. 67). 

A perceived problem with the two forms of meaning is that they 
may be seen as relative. Gadamer counters the charge of relativism by 
claiming the process of communication involves a language which is 
more than a system of symbols, part of the communication process is 
understanding, since understanding involves both interpretation and 
application, relativism is avoided (1975, p. 405). Meanings of texts 
are contextually bound because interpretations are relative to the 
circumstances of the interpreter and the the text. As contexts are 
chosen ty the interpreter, justification for the choice should be 
given, -rhe choosing of a context means different lines of 
interpretation are possible. This does not mean all interpretations 
are equally plausible because not all contexts are justifiable. 
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Gadamer's contextualism is not arbitrary because the interpreter 
does not choose a pre-determined set of criteria to analyze a text, 
The interpretation arises from the interpreter's situation and the 
interpretative understanding is conditioned by such a situation as 
well as the text's context Hie legitimacy of an interpretation is 
determined fcy examining the ^>propriateness of an interpreter's 
experiences and the context of the interpreted work. 

The concept of understanding 

Generally/ when a person speaks of "understanding" they are using 
the term to mean explanation. Uiere is a sense that such a view of 
understanding involves a methodology where connections are 
established* The intent of this dissertation is to use the term in a 
phenomenological and critical sense. Understanding is conceived in 
Gadamer's terms (1975, pp. 190-192/ 230-232). To him, understanding 
is a concept in which the meaning of a situation is moving beyond 
being. Hhe concept involves possibility; the possibility of 
interpreting; the possibility of seeing beyond connections. A 
traditional conception of understanding attempts to grasp the 
immediacy of an expression and does not look beyond. The intent of 
the descriptions of teachers' and students' conceptions of biology in 
this dissertation is to establish a communication between the text and 
the reader. The communication should disclose being a biology teacher 
and being a biology student. Understanding also involves critical 
sense making in that questions are raised about the underlying 
intents/ motives and assumptions of biology teaching, such questions 
add a dimension to the text's meaning and what it commup-'^ates with 
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primary matter or ether that filled all space. Based on his 
conception of the world he developed a theory of vortices to explain 
motioa The theory reduced the universe to a machine which was 
expressed in mathematical tenns (Gaskingr 1970r p. 28). 

Descartes viewed man as having a rational soul but his bodi'- was 
the equivalent of a machine. His mechanistic position was based on 
two assumptions: one, there is an emalogy betweeii organisms and 
machines, and two, nature is governed by simple gener(3l laws and thus 
vital functions involve only substances and processes found in 
inanimate nature. Harvey had successfully used the first asrsumption 
in his work on blood circulation but he had reservations about viewing 
man as a machine. Descartes's mechanistic view influenced the 
development of biology and almost all biologists accepted his two 
assumptions for approximately the next 100 years (Gasking, 1970 f p» 
30). The adoption of Descartes*s philosophy by biologists brought 
them very close to physical scientists and biology became dependent 
upon physics. 

A group of English scientists continued experiments based on 
Harvey's work and their experiments focused on respiration and th^^ 
functions of the blood. The experiments were an attempt to apply 
mechanistic principles. For example, Robert Boyle obtained a new 
vacuum pump that allowed him to partially evacuate a cylinder and he 
tested the effect of a lowered air pressure on animals and lighted 
candles. He finally demonstrated that animals live slightly lon^jer if 
the air is slightly compressed and he concluded air either absorbs 
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sootY vapoufs ox coitibustioi* and respiration or it plays an essential 
role in oonibisstj.on and respiration. 

Robert Hooke repeated an experiment of Vesalius's* Hooke removed 
the chestr ribs dia^; r a livifig" ddg'and kept It alive by 

blowing air in lungs through the trachea. He also pricked the 

lungs and kept tii^ animal alive by passing air through the lungs thus 
demonstrating that the movement of the chest and lungs is only 
necessary for the exchange of air. This experiment disproved that 
movement of the lungs accounted for circulation by moving the blood. 

Richard Lower also continued with experiments based on Harvey's 
work. Lower repeated Hooke's exoeriment but noticed blood entering 
the lungs was dark red but bright red when leaving, providing air 
continued to flow through the lungs. If air was withheld the blood 
remained dark red. He also noticed that if a container of blood was 
exposed to air the top layer was bright red but immediately below that 
it was dark red. He further noticed if the bright red layer was 
skimmed off the dark red layer became bright red upon exposure to air. 
He concluded the colour change was due to the blood absorbing nitrous 
particles from the air and then losing them to the body's organs as 
the blood circulated. 

In the mid 1600 's mathematical principles w^re being applied 
successfully to problems in the physical sciences but they had not yet 
been applied in biology. Giovanni Borelli did so. He analyzed animal 
movements mathematically by applying GaJ.ileo's analysis of the 
strength of materials. Borelli accepted the idea that natural 
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procesijes were the result of motion of small particles. His 
calcid,ations of the force per unit volume of human jaw muscles led him 
to feed glass beads and cubes to turkeys. Since the birds' gizzards 
crushed the glass beads he concluded their stomachs developed more 
force per unit volume than did a human's jaw. He realized that 
digestion involved more than pulverization but lacking a chemical ^ 
theory he v/as unable to proceed* Experimenters such as Boyle/ Hooke 
and Lower encountered the same difficulty because there was a lack of 
chemical theory that provided explanations of the components of air 
(Gasking/ 1970/ pp. 30-45). 

Developments .^n biology lagged at this time despite the existence 
of iatrochenists. latrochemists were individuals who combined 
ph^^siology and chemistry. The combination of these two fields should 
have been productive but since the iatrochemists invoked mysticism 
into their explanations the majority of scientists dismissed their 
claims. The first successful attempt to combine physiology and 
chemistry was made by Francois Dubois. He was not an iatrochemist; 
insteau he viewed organisms as machines that functioned because of 
chemical changes. He and his students studied the chemistry of 
digestion but lacking chemical techniques to analyze digestive 
secretions and feed composition they were unable to describe the 
digestive process. 

According to Gasking (1970/ p. 48) the failure of physiological 
experiments to make advances was due to the attempted application of 
mechanistic principles and this resulted in ^^ysiological experiments 
almost ceasing by the end of the 1600's. The failure of biology 
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demonstrated the need to abandon mechanistic principles but 
Descartes's mechanical universe persisted because a few simple laws 
agreed with physical phenomena. 

A further complication of the mechanistic view was introduced by 
Isaac Barrow. He was influenced by Galileo's conception of what was 
^propriate for scientific study. As previously mentioned^ Galileo 
carefully delimited problems and employed experimental and inductive 
methods along with mathematical deduction when investigating a 
problem. If a problem was not amenable to these conditions he did not 
consider it appropriate for study. Barrow believed the object of 
science is to study the world that is perceptible to the senses; 
particularly aspects of the world that demonstrate quantitative 
changes. To avoid a circular argument when discussing time and motion 
Barrow stated time and space are absolute, infinite and eternal. 
Barrow's conception of time and space gave rise to tine idea that space 
extends evenly^ without limit and time flows constantly onward without 
the interpretation of humans. Barrow's statement represents time and 
space as being independent of human knowledge ^ perception and 
interpretation. As such^ time and space have an. existence of tlieir 
own (Dampier^ 1971^ p. 138). 

Sir Isaac Newton's development of mechanics v/as affected by 
Barrow's conception of absolute time and space, Newton distinguished 
between relative time and space^ as perceived by humans^ and absolute 
time and space that exist in their own right. Along with the 
development of Newtonian mechanics there was also the development of 
an observer-observation relationship. The relationship that was held 
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by individuals during and after the development of terrestrial 
dynamics was one where masses move in absolute time and space and are 
capable of being held in the mind (Robinson/ 1969/ p. 16). An 
observer is one who is in the centre of the universe surrounded by- 
objects that can be perceiveo ^yy the senses and understood by the 
mind. By adopting a mechanistic vieW/ all qualities were reduced to 
mechanical ones and scientists were able to assign numbers to the 
qualities. The fact that the qualities had a mathematical value made 
it possible to understand the world. 

The failure of biology to become an experimental science/ through 
the application of mechanistic principles/ was masked by a change in 
thought during the later part of the seventeenth century. Geograpiiic 
discoveries associated with exploration and colonization switched 
peoples' thoughts from man to the world of nature (Lanham/ 1968/ p. 
93). Explorers were returning to Europe with a huge number of 
previously unknown plants r ' ^ma?.s and classification dominated 
biology through the eighteentii century. The change in thought 
coincided with the acceptance of a mechanical universe because 
theologians believed attributes of God could be understood by studying 
His works. Living things with their variety and intricacy seemed 
suitable for studying the attributes of God because the universe was 
viewed as His creation. Thinkers of this time developed a new 
philosophy of nature that included relationships of the physical world 
and the theory of vitalism. 
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Vitalistic view of biolo^rs^ 

A numt^ar of variatj.ons of vitalism developed over the history of 
biology but they were all based on a vital force which accounts for - 
the unique characteristics of life. According to Birch and Cobb 
(1981/ p. 77) versions of vitalism were considered as recently as 
1950. Hein (1972^ pp. 159-161) puts forth a position that vitalism is 
normally of historical interest in biology and most researchers treat 
it as a progressive conception of biology that has been shown to be in 
error and it is no longer an issue. Hein contends that vitalism is a 
meta-theoretical controversy and it is still evident in modern 
biology. Observations made by the researcher indicate vitalism is an 
issue in school biology. This point is considered in Chapter IV. 

A vitalistic theory was first introduced by Georg Ernst Stahl in 
1708. In his book/ Theoria medica jszsca/ he considered the differences 
between a living organism and a chemical compound. Sta>:'^ was 
impressed by the fact that organisms maintain their iderj^-Jt:' slthough 
they are constantly changing. He considered this abi3iL\ resist 
change as evidence of a vital force (Gasking/ 1970/ pp. SS-Se). 
Stahl's argument for a vital force was based on the idea that since 
jiiysico-chemical laws could not ,^lain observations associated with 
experiments performed on living organisms it was assumed that each 
organism was controlled by a vital force termed the "ens." He 
believed organisms were made of the same material as the ilr animate 
world but the ens was necessary to give inanimate materials life. 
Associated with Stahl 's conception of a vital force was the idea of a 
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"superior acting cause." This cause was not dependent tpon the 
inanimate materials of an organism and it did not function as a direct 
aim for the organism. As such, Stahl's superior actirig cause 
determines the ens whicli accounts for characteristics we attribute to 
life. 

In the mid 170 O's the mechanistic position in biology was in 
decline and the alternate position of vitalism became popular. The 
dismantling of English physiological research with its mechanistic 
explanations was accomplished by John Hunter in the 1770 's. He 
prepared a series of papers in which the techniques and assumptions of 
a new physiology were outlined (Brown, 1974, p. 181). Hunter's 
position denied the possibility of mechanistic explanations and 
focused on the ^living body's unique and complicat : behaviour." He 
invoked a vital force to explain observations made while performing 
experiments on the body temperatures of animals. Hunter destroyed tho; 
position of mechanistic physiology in a branch of biology with the 
combination of his experiniental observations and the introduction of a 
vital force. 

Decline of the mechanistic view of science 

The mechanistic view began to break down during the last half of 
*-he 19th century (Santillana and Zilsel, 1970, p. 89) when Maxwell 
developed fundamental equations to explain electromagnetic waves. He 
also obtained the same equations by a complicated mechanical analogy 
that subsequently generated logical inconsistencies. For his analogy 
to be functional a propagating medium, ether, was required. The ether 
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had to penetrate everything as well as behave mechanically as a solid 
body; consequently mechanical models were viewed as being redundant. 
In the physical sciences f the development of the quantum theory led to 
the final breakdown of ^mechanism. HeTsenberg^s uhciertainlgf principle 
forced physicists to either give up established laws of nature or 
alter the mechanistic view of science (Margenau, 1950, p. 42). The 
establij.^hment of the validity of specific laws of nature caused the 
mechanistic view of science to be renounced. 

In the biological sciences the mechanistic world view that 
depicts a f inite, static universe consisting of hierarchically 
arrangiad scientific facts began to break down with Darwin's 
development of the theory evolution. The rediscovery of Mendelian 
genetics gave additional impetus to changing the world view and the 
development of molecular biology further accentuated the shift. A 
static view of the world has been replaced with one of an apparently 
boundless universe that i.^ constantly changing. 

Logical positivism 

Hie view of logical positivism evolved out of the Vienna Circle 
in the 1930*s and it had a significant impact on science as it is 
viewed by scientists and the public (Margenau, lySO, p. 18; Wade, 
1977)^ 'Mosojphers of the Vienna Circle developed a philosophy 

known as logical positivisim which maintained science is a strictly 
logiccd process (Jcercerisen, 1970, p. 4). According to this view, 
scientists advance a theory on the basis of inductive logic and then 
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test it by empirical means deductively derived from the theory. If 
the new theory provides better explanations than i:he old theory, the 
new theory is adopted. Through the acceptance and rejection of 
theories science moves inexorably closer to the truth. A prime 
concern of this group is to concentrate attention on the certainty of 
the results of science (Neurath/ 1971/ p. 18). Character istica].ly the 
members of the group picture science as a two dimensional structure 
into which missing pieces must be fitted. In Neurath's words, "The 
'mosaicists' are not only inlaying the stones but also changing 
certain stones for others and varying the whole pattern" (Neurath/ 
1971/ p. 3). Such an analogy leads to misrepresentations of science 
because a scientist is seen as an individual sorting existing pieces 
of knowledge until he discovers the proper combination that fits the 
space in his mosaic. Such a view intimates scientific knowledge will 
be ultimately complete/ just as jig-^aw puzzles are ultimately 
complete. Wade (1.977, p. 143) states logical positivism deliberately 
ignores the historical context of science as well as the pi^ychological 
factors which many people would consider important in science/ such as 
intuition/ imagination/ and receptivity to new ideas." 

A contemporary view of science 

Since the development of logical positivism a group of 
contemporary science historians and philosojAiers have recognized that 
the scientific enterprise is influenced by a lociical structure as well 
as human factors. The analysis of scientific thought by Feyerabend 
(1975/ 1980)/ Kuhn (1962)/ Polanyi (1962) and Medawar (1969) have 
demonstrated that the scientific enterprise involves nonrational 
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procedures. In his essay, lEhe Un fl<?C Q m t ab le El g in gnt In ^sienes/ 
PolaiTi^i (1962) shows how intuition is important to scientific 
discovery and the formation of scientific knowledge. Based on the 
evidence of perception, he argues that scientists pay attention to 
foreground and background information of a particular situation as 
well as the total picture. Once these perceptions are acquired the 
skill of intuition is employed to see the hidden patterns of the 
problem. To Polanyi a nonrational aspect of science is involved in 
the recognition of a problc-m. The nonrational aspect involves an 
intuitive leap which he terms illumination. According to Polanyi a 
scientist recognizes a problem when he ir^ av/are of a logical gap in 
his knowledge. The process of illumination occurs when a scientist 
conceives of the logical gap in a different way and generates 
distinctive conclusions. The intuitive leaps that scientists make are 
not necessarily seen as logical. Medawar (1969/ p. 55) reinforced the 
ii'ituitive aspect of science when he stated the major defect of the 
scientific enterprise, as it is presently conceived/ is the lack of 
attention paid to the "generative act in scientific enquiry." He 
interpreted the generative act to be intuition. 

Thomas Kuhn's (1962) v;ork demonstrates that the scientific 
enterprise has a logical structure but human factors influence the 
direction of science. Kuhn clearly demonstrates that the logical 
positlvists' view of science being headed to an ultimate truth is a 
naive interpretation of the nature of science. Kuhn develops the 
position that scientific endeavours are heavily influenced by 
nonrational procedures. These endeavours have new theories associated 
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with tbem and if a new theory replaces a current tt.^ty, science is 
not necessarily seen as being closer to the truth. The possibility 
exists that science moves tangentially to tha current position. 
Feyerabend (1975/ p. 175) supports the nonrational position of science 
and his writings suggest a potential reason for the image of science 
that the public holds. According to Feyerabend critical rationalism 
arose from the attempt to solve Hume's problem of induction and to 
understand the Einsteinian revolution, in summary^ critical 
rationalists take a falsificationist position seriously; argue for an 
increase in scientific content; avoid ad hoc hypotheses and attempt to 
be honest in all scientific endeavours. The combination of the 
philosojiiies of the critical rationalists and logical positivists 
gives an inaccurate account of science because science is much more 
chaotic and irrational than their reconstructed methodological image 
suggests. The researcher maintains that the view of biology that is 
presently taught in high school biology is a positivdstic view which 
has been directly influenced by the philosophies of the critical 
rationali£its and logical positivists. Biology- is presented as being 
more rational and precise than it is. Ohere is a dogma associated 
with the reconstructed methodological image that assumes biology 
automatically obeys / or ought to obey, the laws of logic (Popper/ 
1972/ p. 6). According to Feyerabend (1975/ p. 257) this assertion is 
neither clear nor true. The assertion is not clear because there is 
not one specific form of logic that reveals the logical structure of 
various disciplines. He demonstrates that the assertion is false by 
offering scientific statements that violate siirple logical rules. The 
idea thai: science can^ and does follow a simple set of rules is 
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detrimental to the creative aspect referred to earlier. The idea that 
science follows a simple set of rules neglects the physical, 
hi.storical and emotional conditions that generate scientific change 
and it makes science rigid and dogmatic* 

Ontil the publication of Kuhn's (1962) essay, objectivity and 
progress in science were interpreted by many individuals in a narrow 
manner. With liis interpretation of science both objectivity and 
progress are viewed in a new perspective. The concept of objectivity 
now includes a realization that a scientist observing a phenomenon 
influences the 0ienomenon in some way. The scientist is demonstrating 
a bias merely by choosing to observe one thing and not another. TIaG 
recognition of influence and bias makes the present interpretation of 
objectivity opposite to the original view. The concept of scientific 
progress is no longer interpreted as a series of cumulative exercises 
that lead closer and closer to the truth. The idea that science is an 
activity that gets closer to a goal set by nature is one that is 
strongly held by many individuals. Kuhn suggests this belief may 
exist because of tiae way science textbooks distort the history of 
science. Kuhn rationalizes this belief by indicating that the 
distortions occur because of pedagogic efficiency. Kuhn argues that 
textbook auchors provide an interpretation of science history Mif t 
agrees with the current mode of thought so that students are not 
rojuired to master outmoded ideas. The effect of this manipulation of 
history is the impression of a linear, step by step accumulation of 
knowledge that results in students misinterpretirg the r.cle'^/aif ic 
enterprise. Kuhn •Sefends purposeful distortion of sciencei history 
when he says "To fulfill their [textbooks'] function they need not 
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provide authentic information about the way in which those bases were 
first recognized and then braced by the profession. In the case of 
textbooks f at least f there are even good reasons why, in these 
matterSf they should by systematically misleading" (Kuhn, 1962, p* 
137). Jp[ie good reasons Kuhn refers to, are related to preparing 
students to operate in the normal paradigm of science. He defends his 
argument by appealing to the reader's sense of the development of 
science. His appeal is based on the need for young scientists being 
trained in the normal paradigm in order that normal science be allowed 
to proceed. 

Sociology of biological knowledge 

This section of the dissertation outlines the customary 
sociological view of science ard indicates wh^ scientific knowledge 
was traditionally excluded from sociological analysis. The 
traditional correspondence view of knowledge is presented along with 
implications this view has for an individual's conception of the 
world. The correspondence view of knowledge is contrasted by a 
cultural view of knowledge. An argument is made that biological 
knowledge is culturally based 

A common conception of knowledge is one which represents it as a 
product of thought. A conception of this nature views knowledge as 
something achieved by a disinterested individual who perceives an 
aspect of reality and after contemplating it generates a verbal 
description which is accepted as knowledge. Such knowledge is 
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considered valid if it shows a correspondence between reality and an 
individual's perception of reality. 

A correspondence view presents knowledge as a product of 
isolated^ disinterested individuals. It assumes individuals do not 
affect the connection between reality and its representations, fln 
individual's perception of reality is independent of his interests r 
expectations and experiences. Knowledge is a function of reali.ty 
itself and individuals generate it through contemplation, since 
knowledge is free of man's influences it can be tested by an 
individual who is capable of comparing it with realiti^ The 
comparison can be made because the correspondence with reality is 
independent of the situation in which it was generated. Barnes {1911, 
p. 2) indicates the previous points are associated with knowledge 
because it is usually thought of in terms of a visual metaphor. In 
his wordSr "We talk of understanding as 'seeing', or 'seeing clearly'; 
we are happy to talk of valid descriptions giving a 'true picture'. 
Similarly we are able to characterize inadequate knowledge as 
'coloured', 'distorted', 'blind to relevant facts', and so on." 

The correspondence view of knowledge is contrasted by a cultural 
view of knowledge. Barnes (p. 2) indicates knowledge is increasingly 
'•being treated as essentially social, as part of the culture which is 
transmitted from generation to generation, and as something which is 
actively developed and modified in response to practical 
contingencies." A conception of socially derived knowledge indicates 
it is not produced by disinterested, passive individuals but by social 
groups involved in particular activities. Knowledge that results from 
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social groups is not seen as an object that mirrors realitgr; it is 
interpreted in relation to reality, the cultural context in which it 
developed/ as well as the objectives and interests of the social 
group. 

As previously mentioned in Chapter II the classical study of the 
sociology of knowledge, as advanced by Mannheim, Scheler and Durkheim, 
excluded scientific knowledge. It was excluded because it was viewed 
as a special form of knowledge that was not influenced by culture. 
Mannheim's (1936, p. 3) book, ideology ^ Utopia , presents the 
position that knowledge is socially derived. In his words, "the 
sociology of knowledge seeks to comprehend thought in the concrete 
setting of an historical-social situation out of which individually 
differentiated thought only very gradually emerges. TJius, it is not 
men in general who think, or even isolated individuals who do the 
thinking, but men in certain groups who have developed a particular 
st^le of thought in an endless series of responses to certain typical 
situations characterizing their common position." 

According to Mannheim (pp. 164-166) natural science and 
mathematics are examples of exact modes of thinking and they do not 
bear the marks of the context of their production. Naturcd science 
and mathematics are not perceived as socially constructed because they 
are assessed according to their correspondence with reality. Mannheim 
considered them the preferable form of knowledge because he perceived 
them as value-free. To Mannheim socially constructed knowledge is 
context dependent and it is inadequate when compared to formalized 
knowledge. 



Barnes (1972/ pp. 3-10) demonstrates that Mannheim's treatment of 
context-dependent knowledge is inconsistent. Mannheim's treatment is 
inconsistent because he argues that context-dependent knowledge cannot 
be assessed in contemplative terms but he develops an argument which 
implies the ojposite. Barnes states some of the inconsistencies arose 
because Ideology 3nd Utopia was a collection of essays writteii at 
different times. Although Mannheim rejected knowledge formation on a 
correspondence basis his work is largely based on this style of 
thought. 

Many sociologists have felt that a special kind of knowledge 
exists in the natural sciences and it is intelligible only in 
contemplative terms. A point often ignored in this conception of 
scientific knowledge is that knowledge is assessed by technical 
procedures that are institutionalized or culturally based. The 
recognition of a cultural basis shifts scientific knowledge from a 
specialized position and considers it part of knowledge with a social 
dimension. 

In 1945 Robert Merton was one of the first individuals to 
recognize a social dimension in scientific knowledge and he subjected 
it to an analysis (Barnes / 1972/ p. 9). Mer ton's analysis was 
functionally based and subsequent research in this line addressed 
practical questions of how to maximize productivity of scientists/ how 
to achieve the most effective laboratory organization and how to 
establish criteria for distributing research funds. The functionalist 
approach dominated research in the sociology of science for the next 



fifteen yeats. In die 1960's a shift is noted in sociology of science 
articles. For example, Mulkay (1969) argues scienirific developments 
are influenced by cultural factors* He cites the case of Immanuel 
Velikovsky to illustrate a rigidity in the intellectual commitment of 
scientists when confronted with threatening innovations. Mulkay bases 
his analysis on the socialization process that takes place as an 
individual becomes a research scientist* Mulkay's theoretical 
position is influenced hy Ihomas Kuhn's (1962) work/ The Structure of 
Scientific Revolutions , Kuhn maintains that technical paradigms of 
procedure and interpretation are maintained within branches of science 
and they provide the basis for practice and evaluation of research. 
He further argues an open rational mind is not t^e best instrument for 
recognizing scientific truths; instead an elaborate conceptual and 
procedural framework is necessary. The significance of Kuhn's essay 
to the sociology of science is that it points to social factors in 
science and suggests the possibility of stuc^ing science from a 
sociological aj^roach. 

An outgrowth of the sociological approach was studies that 
examined cultural factors to determine if they influenced the 
development of scientific knowledge. Sociologists of science began 
cv-^king questions such as: what is it that guides the research of a 
speciality?; what makes science a social piienomenon?; what determines 
the rate of cultural change in science?/ and other related questions 
(Bodington/ 1978). 



Interpretation of classroom talk 

The section on interpreting classroom talk provides a rationale 
for examining communications that occur in classrooms. Hie literc*ture 
suggests that elements of teaching and learning are reflected in 
communication between classroom participants. The properties of 
teaching and learning are socially based and in order to understand 
them it is necessary to examine the production or talk of th3 social 
interactions of teachers and students. 

An obvious characteristic of a classroom is the amount of talking 
tliat takes place. The uiajority of teachers' an 1 students* classroom 
time is spent in verbal communication, whether the communication is 
in a large group s<r±ting or on an individual basis the predominant 
talk occurs as a public performance. One assumption that is made 
about a teacher's public performance is that a lesson usually involves 
verbal expositions of facts and skills. An image of a manner of 
teacMng is associated with the previous assumption. The image is one 
of a teacher using communication procedures to obtain information from 
class members; the teacher then elaborates on pertinent points r 
summarizes and finally provides a synthesis. The assumption and its 
associated image demonstrate that distinctive features of commonplace 
settings are not noticed nor are they questioned. 

A form of research called interaction analysis was developed to 
obtain a better understanding of what teaching is and what occurs in 
classrooms. Res-€:drchers involved in interaction ar^alysis extracted 
essential qualities from verbal communications and categorized them 



according to a coding system* The coding systems were developed to 
make sense of the data and trained observers recorded their judgements 
about the significance of the observed communication acts. The 
reliability of such category systems was high but the validity of the 
data was low (Furlong and Edwards, 1977, pp. 122-123). The difficulty 
of interaction analysis research was that predetermined categories 
were imposed upon the observations and the data that were collected. 
Predetermined categories are grounded in a theoretical position and 
because researchers rarely state their theoretical position in any 
detail it is impossible to evaluate the validity of their studies. 

Furlong and Edwards (1977) and Heyman (1981) suggest an 
alternative to intaractic!i analysis research. They suggest a form of 
ethnographic research involving a sociolinguistic perspective be 
considered when classroom communication is studied. A sociolinguistic 
perspective is one in which language is studied to reveal how it is 
organized and how social relationships are reconstructed 
linguistically (Furlong and Edwards, 1977, p. 125). A basic preiaise 
of a sociolinguistic perspective is that an individual's patterns of 
choice are revealed by the individual including situational features 
in their linguistic description. Rules of appropriate usage exist in 
a society and the rules determine what can be properly said. Speakers 
are aware of these rules and they use their knov;ledge to maintain or 
challenge a definition of a situation. Situations are maintained or 
challenged through 'marked' or 'unmarked' usage. Furlong and Edwards 
state 'unmarked' usage of communication is what is normal for a 
situation, while 'marked' usage breaks the rules in significant ways. 

Heyman's (1981, pp. 451, 461) position is the study of any aspect 



of education must include an examination of participant's talk because 
the "facts of education are constituted through people's talk," He 
argues the practice of talk produces a social reality because the 
properties and use of talk generate social phenomena as well as 
creating a world in which the existence of social phenomena becomes 
possible. The meaning of talk is dependent on the context of its use 
but it also creates the context of its use. The reciprocal niiture of 
talk and its context means people's talk reveals aspects of their 
objective world as well as meanings of that world. 

The sociolinguistic approach is operating on the basis that 
analysis of communication uncovers social meaning. An individual's 
knowledge of grammar allows him to establish the grammatical meaning 
of a statement and correspondingly his knowledge of a 'social grammar' 
allows him to establish the social meaning of a statement, what a 
speaker means may depend on v/ho he is, when and where he is speaking 
and his relationship to the listener. Meaning is determined on at 
least three levels in any communication. The first level is the 
dictionary meaning of the words. The second level is the syntax or 
grammatical arrangement of the words. The third level is the 
relationship of the speaker and the listener. To uncover the meaning 
of a situation communication needs to be examined on a variety of 
levels. 

In :Ehe Langu^ga Teaching/ Edwards and Furlong (1978, p. ID 
state verbal communication is the main means of transmitting knowledge 
in classrooms and the verbal encounters that occur are of a 



distinctive kind. They maintain it is impossible to separate the 
organization of classroom communication from the management of 
classroom meanings. Their argument is based on the observation that a 
central communication system is in evidence in classrooms and it is 
structured so a single speaker addresses a large group the majority of 
the time, (^erally, private communications are of a short duration 
and typically within small groups. 

Kliebard (1966) analyzed classroom communication on the basis of 
a game in T.-hich basic moves are available to the players. Edwards and 
Furlong continued wifri> Kliebard's analogy but eventually the analogy 
breaks down. The breakdown creates difficult questions about what 
verbal statements are considered significant and why they are 
considered so. Despite this limitation categories of communication 
metastatements were identified. A communication metastatement is a 
statement about talk. For example, when a teacher poses the question/ 
*Are you getting the message?* it is a statement about a communication 
tlria^ previously occurred (Stubbs, 1976/ p. 83). Categories of 
metastatements include attracting attention/ controlling the amount 
and distribution of talk/ defining/ specifying a topiC/ checking or 
confirming understanding/ editing or correcting what is said/ and 
summarizing (Stubbs and Delamont/ 1976/ pp. '39-164). Edwards and 
Furlong (pp. 24-38/ 103-121) indicate that meanings associated with 
classroom interactions are uncovered when questions about the social 
structure are examined in terms of communication metastatements. They 
suggest questions concerning formality and .'jocial distance/ manner of 
teaching and the managemfint of classroom questions and answers reveal 
information concerning the transmission of knowledge. 



CHftEEER IV 



PARnCIPi\NTS* (XNCEPTICNS OF BIOLOGY AND BIOLOGICAL KNOWLEDGE 
Introduction 

Chapter IV of the dissertation deals with the analysis of the 
parti.cipants' conceptions of biology and biological knowledge. 'Hie 
first section of the chapter outlines four premises on which the 
analytical scheme is based. The second section presents the 
analytical scheme in conjunction with the two papers and the three 
assumptions which provide a foundation for it. The third section is an 
analysis of the three teachers' conceptions of biology as a discipline 
and biological knowledge. An effort is made to relate the teachers' 
conceptions to possible implicati.ons such conceptions have for the way 
students view biolcg^'' and biological knowledge. Finally, the fourth 
section deals w.ith concep'uions of biology and biological knowledge as 
held by thirteen students. The analyses are done on the basis of 
groups of students. The students are grouped according to the 
philosophy of biology that they most frequently exhibited during the 
informal discussions. 

Premises of the analytical scheme 

The analytical scheme that is employed in the analysis of the 
participants* conceptions is founded on the principles of the 
sociology of knowledge, hermeneutics, sociology of science and 



sociolinguistics. The first premise of the analytical scheme is that 
knowledge and social structure are related in such a way that they 
influence each other. The term social structure reflects Schutz's 
conception of the common sense world in which individuals establish 
meaning by interpreting experiences. Experiences are interpreted in 
the Schutzian sense as that which forms the world's hi^^cory, personal 
experiences of that world, and interpretations of the world passed to 
us fcy other individuals. Teachers and students establish meanings for 
a selected area of their common sense world because they are involved 
in the social structure of their world. The participants establish 
meanings by creating classes with common characteristics. They typify 
and interpret actions of each other through communication. The 
participants are members of an in-group; theref ore, a system of 
knowledge is common and meanings that are being developed are taken- 
for-^r anted. The meanings contribute to an individual's stock of 
knowledge which later provides the means for interpreting future 
experiences. 

The second premise associated with the analytical scheme is 
included in the concept of hermeneutics. An interpretation of the 
participants' talk becomes possible because Gadamer's hermeneutical 
t±eory offers a clarification of the understanding of a text. The 
process of interpretation involves the analysis of meaning shared 
through communication. The analysis scheme does not attempt to 
reconstruct the authors' meanings and then interpret or explain them. 
The analysis scheme examines the meaning the text has for the 
researcher and it discloses the text's inherent meaning. 



TJhe third premise of the analytical scheme is that biological 
knowledge is socially constructed; therefore, it is subject to 
analysis by the sociology of knowledge. This point is raised because 
the traditional view of sociology of knowledge excludes scientific 
knowledge from analysis. Recent studies demonstrate that biological 
knowledge is influenced by cultural factors <3nd this form of 
scientific knowledge is subject to sociological analysis. This means 
the points raised in the first premise of this section apply to 
biological knowledge and an analysis of the participants' conceptions 
of biology and biological knowledge is possible. 

The fourth premise associated with the analytical scheme is 
included in the concept of sociolinguistics. The notion is that 
individuals* meanings of the common sense world are reconstructed 
linguistically and they are revealed in linguistic description. An 
inference that is made on the basis of this premise is that an 
individual's knowledge of a social grammar allows him to establish the 
meaning of a statement in a social context. Hence, a study of a 
variety of the participants* talk reveals their conceptions of biology 
as a discipline and biological knowledge. It is the researcher's 
knowledge of a social grammar in biology classrooms that petuiits him 
to establish the participants' intended meanings. A connection exists 
between the second premise and the fourth premise, the concept of 
sociolinguistics. The connection is the intended meanings that are 
revealed through sociolinguistics are interpreted in terms of the 
participants* conceptions of biology and biological knowledge. 



Analytical scheme 



The analytical scheme that is used to examine the constitutive 
elements of the participants' conceptions is based on papers by Esland 
(1971) and Werner (1978). Esland's paper addresses the issue of 
explaining classroom interactions and examining the selection as well 
as the transmission of knowledge in light of alternative sociological 
theories. Esland makes the point/ that at the tim of his writing, 
the perspective of researchers in the sociology of education was 
primarily neo-positivistic. The term neo-positivism is defined as a 
view of man in which man is considered a dehumanized/ passive object. 
Sociologists tended to view man in terms of roles in organizational 
structures. Esland (p. 71) states the neo-positivistic view has its 
origins in the works of Francis Bacon/ Locke and Kant in which man was 
viewed as a completely rational/ knowing subject separated from his 
social context. Associated with the separation of man's conception of 
the world and his social context was the idea that theoretical 
concerns were uninfluenced by situations which gave rise to the 
theories. The neo-positivistic view is directly associated with the 
correspondence theory of knowledge that was discussed in C3iapter III. 
According to the neo-positivisitic view a detached individual 
perceives reality and because of his rationality his description of 
the natural world is considered knowledge. There is a direct 
coL'respondence between the individual's description of the natural 
world and reality itself. According to Esland the theory of knowledge 
that is associated with the neo-positivistic view has become the 
scientific epistemology. 



In contrast to the neo-positivistic view of the world and its 
associated epistemology, Esland places his study and the research it 
suggests within a dialectic epistemology. According to Esland (p. 71) 
a dialectic epistemology is based on a view of knowledge which is 
socially constructed. Esland contends previous research accepted 
teaching and learning in terms of roles. The intentions, ways of 
knowing, and knowledge associated with these roles were either ignored 
or classified under beliefs or values where they were accepted without 
question. His point is that intentions, ways of knowing, and 
knowledge are common everyday concerns of teaching and learning. He 
maintains such points should be questioned and examined. In order to 
question these normally unquestioned aspects of teaching and learning, 
Esland assumes all teachers have a subject and a pedagogic perspective 
that are exhibited in their vocabularies, rationales and theories of 
knowledge which support their control of students, view of knowledge 
and pre.'erence system for evaluating learning. The observable 
attribute that reflects a teacher's subject and pedagogic perspectives 
is the manner of teaching. According to Esland, examining a teacher's 
teaching style will reveal his pedagogic, subject and career 
perspectives, in terms of this study these three perspectives 
represent the teacher's categories of thought through which he makes 
sense of the teaching and learning process. Esland maintains that 
asking questions about the pedagogic, subject and career perspectives 
reveals implicit theories of knowledge, why certain knowledge is 
taught and professional constraints on the teacher's understanding of 
his work. 



The second paper that influenced the analytical scheme was that 
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of Werner (1978). Although he was concerned with evaluation of 
educational programs r suggestions he made are applicable to the 
present- study. He examined the evaluation of school programs from the 
three perspectives of ends-meansr situational and critical sense- 
making. Hie perspectives reflect the Habermasian orientations 
referred to in Chapter m. 

Within each perspective Werner suggested a series of questions 
that could be asked concerning the implied view of programs, worth of 
programs and social relations of individuals involved in the programs. 
OJhe questions contained within the critical sense-making perspective 
attempted to disclose perspectives underlying programs, spcial 
relations maintained and legitimized through perspectives, sources of 
the perspectives, the control function of the perspectives, and 
arguments/criteria/standards for changing these perspectives. 

The analytical scheme is based on three assumptions. The first 
assumption is that a teacher develops an epistemological position 
which is interpreted by the researcher to be a system of conceptual 
relations concerning knowledge. The second assumption is that a 
teacher's interpretation of a discipline is related to his 
epistemological position. The third assumption is that a teacher does 
not present the material of a subject unaltered; his interpretations 
of knowledge are reflected in lesson presentations. Consequently, 
when students are taught a subject they receive a particular viewpoint 
of knowledge and of a discipline. 
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Prior to consulting either paper by Esland or Werner the 
researcher transcribed the lessons of teacher "A"r the informal 
discussions of teachers "A"r "C"r and "D"r plus the informoL 
discussions of the eighteen student volunteers. The transcriptions of 
teacher "A"'s lessons and informal discussion were examined for 
prominent themes. On the basis of the transcription plus classroom 
observations r the researcher noticed comments which referred to a 
central lesson theme, the manner in which the teacher controlled 
classroom communicationr a view of biology as a subject, and reasons 
for the knowledge that was presented. It was noted that very few 
student-initiated questions were asked. After the themes were noticed 
Esland's paper was consulted and a theoretical basis for an analytical 
scheme was developed. 

According to Esland (1971 r pp. 83-104) a method of examining the 
teacher's epistemological position is to study the teacher's 
perspectives. Esland states the perspectives contain inferential 
structures of public knowledge and as a result an analysis can be made 
of a teacher's epistemological position. In terms of the present 
study questions were asked of the pedagogical and subject perspectives 
because they are directly related to asnceptions of biology as a 
discipline and biological knowledge. Questions concerning the career 
perspective were not asked as the dissertation is not directly 
concerned with professional constraints on the teacher's understanding 
of his work. 

Esland's model was modified as some of the questions dealt with 
issues of the distribution of 'good' and 'bad' students, assumptions 
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about social class and its relation to learning/ as well as the 
influence of chronological age on learning. C2uestions such as the 
previous examples are not seen as directly contributing to the 
teachers' nor the students' conceptions as studied in this 
dissertation. Consequently/ they are not included in the analytical 
scheme. 

The scheme consists of a series of guiding questions that are 
asked of the pedagogic and subject perspectives. In terms of this 
stuc^ the term "guiding question" refers to a focus which permits the 
researcher to examine the two perspectives. The guiding questions 
are: 

1. Pedagogic perspective 

(a) What is the theme around which the teaching takes place? 

(b) What is the prevalent mode of teaching that occurs in the 
classroom? 

(c) What is the interest in the communication process? 

2. Subject perspective 

(a) What/ according to the teacher's definition/ constitutes 
biology as an area of study? 

(b) What is the rationale for the teacher's knowledge? 

(c) How is the teacher's view of high school biology reflected 
in the lesson material? 

The guiding questions provide a focus by which the lesson 
presentations/ informal teacher discussions/ and classroom 

er|c 1 1 1 



observations were examined and then interpreted* An interpretation is 
made ty considering the questions Werner (1978, p. 19) raised in his 
examination of critical interpretation. Specifically/ the questions 
considered are: 

1. Perspectives 

(a) What are the underlying intents? 

(b) What are the underlying assumptions? 

(c) What are the underlying approaches? 

2. Social relations within perspectives 

(a) What teaching relations are implied? 

(b) What views of students are inplied? 

3. Control function of perspectives 

a) What knowledge is selected and neglected? 
(b) Who has the power to control? 

Analysis and interpretation 

The following analysis and interpretation takes place in two 
sections. The first section deals with the transcriptions of the 
teachers* lessons and informal discussions as well as, observations 
made during the study. The presentation of material follows the order 
of the guiding questions in the analytical scheme* An individual 
analysis and interpretation is made for each teacher and then a 
synthesis of the major points of each section of the analytical scheme 
is offered. The second section deals with the transcriptions of the 
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students* informal discussions. The students* analyses and 
interpretations are broadly grouped according to the dominant 
philosophical position of biology that is reflected in the 
discussions^ The interpretations of the students' conceptions of 
biological knowledge and biology are found in i^pendix G. The 
students' conceptions are discussed according to the philosophical 
groupings. 

Each of the teachers' analyses and interpretations is based on a 
transcript of classroom lessons, an informal discussion as well as 
observations made during the presentation of lessons. Owing to the 
massive amount of material transcribed, a complete transcription is 
not included in the appendices. A complete lesson transcript for one 
class of each teacher is found in ^^pendix D and a complete transcript 
for the informal discussion for teacher "A" is found in Appendix E. A 
complete transcription for the informal discussion for one student is 
found in J^ppendix F. The following symbols are included in the 
analyses and interpretations as well as the three appendices: 

— - indecipherable statenent 
conversation fades to a stop 

[] overlap of speakers 
A: teacher "A" 
B: researcher 
C: teacher "C" 
D: teacher "D" 

Student (s) unidentified student (s) 

ERIC ^'•^ 
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Jim: identified student 



A, Analyses of teacher interpretations 



TEACHER "A" 

1. Pedagogic perspective 



(a) What is the theme around which tlie teaching takes place? 

By focusing on the first guiding question/ the transcript of 
teacher "A^'s lessons and jjiformal discussion was examined for the 
theme. According to the teacher's introductory statements, the theme 
was to be "autotrophic nutrition." In examining the transcript the 
topic of E^iotosynthesis became tiie surface theme and the importance of 
autotrojAiic nutrition was reduced. Within the theme of jiiotosynthesis 
an underlying theme was observed. The lessons stressed the idea that 
I^otosynthesis is the basic process of biology and it is the source of 
energy for all living organisms. The teacher stated that without 
j^otosynthetic organisms / life would not be possible. The general 
pattern of talk that reinforces this underlying theme is illustrated 
as follows: 



A: ... And so we say the green plant is the bridge for us 

between sunlig:.:; and our own energy needs. You want to look 
at the green plant then, you can simply say that its role, 
one of its roles, is to convert one energy form into another. 
That's pretty well what we mean by sort of packaging food. 
It doesn't create energy, it simply converts it. It's an 
energy conversion organism. And the amazing thing is that as 
far as the ecosystem is concerned the green plant is the only 
organism that has the enzyme equipment or the pigment 
machinery to make this conversion from light to chemical 
energy. And that's what we'd like to stress. That's a very 
unique or special ability. ... 
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... What I*m sayingr we as urbanites really don^t come to 
grips with the significance of the green plants. We think we 
go to Safeways or WoodwarcJs for our food. We're really going 
to the garden, to the field, to where the green plants are. 
We are relying on them very much to do this for us. ... 

... What we're trying to say is the whole life system on 
earth depends on this ability of plants to make chemical 
energy packages from light. ... 

The preceding three excerpts are contained in a monologue that 
arose from teacher "A" declaring that a generalization about 
"autotrophs r or green plants" would be made. The material leading to 
this generalization was presented to establish elementary biochemical 
d:?fferences between autotrophic and heterotrophic organisms. This was 
accomplished by the teacher introducing the material to be discussed 
which was then developed through a series of leading questions. 
Students* answers were assessed, clarified and elaborated so that the 
lesson had a direction considered appropriate iDy the teacher. On the 
basis of the teacher's material an appropriate generaJ.ization would be 
a summary statement concerning the characteristics of autotrophic 
organisms. What was offered by teacher "A" was a statement which 
reformed and refined the presentation for the students rather than 
summarizing the essential differences between the two types of 
organisms. Within 'he teacher's comments were references to the 
surface theme which was referred to earlier. 

The teacher's introductory remarks include the idea that general 
concepts of autotrojdiic nutrition are important because they provide a 
connection between present and past knowledge. Statements of this 
nature are interpreted to mean that the the teacher is attempting to 
provide a generalized view of major biological concepts so that 



students perceive a comprehensive picture of the subject. Although 
general concepts were stressed, it becomes evident that specific 
information is what was presented to students. The statement, "we've 
done the, sorta the, introduction, like laying the ground work. And 
now we're goin'^ to focus on procurement, that's reaU.y what we're 
after as students", demonstrates that despite previous recognition of 
the importance of generalised concepts the signif j/^nt material 
consists of precise inf cnnation. In this instance the precise 
information con:5isted of telling students that carbon dioxide and 
water ase '±e raw materials for photosynthesis and that specific 
stru-;tures vitbiii plant are responsible for obtaining these 
inateria:is from ti-ie environment. Further evidence of the stress that 
is placed on precise information is found where teacher "A" told 
students that particular points should be included in their notes. 
For example, "So put in your notes this way then. A low carbon 
dioxide opens the stoma. We already said that. And the pR would be, 
what? Going up or down? If the carbon dioxide is declining are you 
getting more or less acid? Norm?" 

At this point it may be concluded that the importance of the 
stated theme is reduced and a surface theme becomes stressed. A 
secondary point is related to this conclusion. The teacher's 
statements indicate that the stated theme and its related concepts are 
of major importance but observations show specific information is 
stressed in classroom presentations. 



(b) what is the prevalent mode of teaching that occurs in the 
classrocm? 

With respect to the second guiding question it was observed that 
the predominant teaching strategy was that of recitation. This term 
refers to the presentation of material by exposition interrupted by 
questions (Edwards and Furlong^ 1978^ p. 27). Patterns emerge when 
sections of the transcript are analyzed for recitation. The following 
exchange f beginning with a student's response to the question of what 
molecule other than protein is not produced by Calvin's C^^ flow 
chartf demonstrates a questioning pattern that is consistent with 
transcripts of previous and future lessons. 



Student: Lipids. 



A: Lipids. The cuticle. We're not goin' to study how the plant 

makes its lipids. That would be another topic All we're 
doing here is suggesting how a plant makes what category of 
foods? Carbohydrates. We'll ignore how it makes its 
vitaminsr how it makes its proteinSf how it malces its lipids. 
Can a plant make all these things if it's an autotro^ii? t2 s 

pi Ya^ it doesn't have r it makes them all. We'd like 

you to say this^ we can say this is sort of the foundation. 
Once it has its organic carbon and once it has its 
carbohydrate then it isn't quite so hard to package the other 
things. Because the main thing that's in this carbohydrate 
package that's really hard to capture is what? [3 s p] If 
you can answer that question you can sort of see the 
significance of the process. I'll repeat the question. The 
main things ^ I'm not sure if that's the right word^ the main 
item that's in these carbohydrate packages that is hardest to 
acquire from the environment^ is what? t5 s p] What's been 
packaged here? t3 s p] Anybody tell me? [2 s pi Well^ 
I'll give you a clue. It's carried in^ in that form. What's 
been packaged? [4 s p] Oh^ I'm discouraged You lost the 
main point in the details. Remember that old cliche^ you 
can't see the forest for the trees. Well that's what's 
happened here. What is it Laurel? tl s p] What's been 
packaged that's very hard to package? El s pi 

Laurels Energy. 



A: Energy. That's what it's all about. And once the energy is 

packaged then the rest of it is sort of easy. So we've 
called these green plants what kind of packagers? t2 s pi 



Linda? 
Linda: I don't know. 

A; They're not ordinary autotro^is. They're using what to 

package, in making their food? El s p] 

Linda: . 

A: The question isn't clear. Green plants are autotrophs, true 

enough. But what kind? [2 s p] Preface that with another 
word. We said they are what? [2 s p] They are fiioto- [3 s 
p] synthetic autotrophs. They are packaging light energy. 
That's the thing we nustn't lose sight of. ... 

In the previous exchange the pattern begins with a student's 
response of "lipids" which the teacher repeats. The answer is then 
elaborated and modified so that the next question arises from the 
student's response. The pattern takes the form of a teacher 
introducing the topic and developing a series of directed questions. 
Through the use of directed questions the teacher controls the 
direction and content of the exchanges as well as students' responses. 
A convergent questioning style is being used in which a particular 
issue is focused upon. Because the focus is a specific phrase or word 
that describes an aspect of nature, each subsequent question becomes 
more exact. One outcome of this style of questioning is short, 
specific answers. On the basis of these observations a relationship 
between recitation and specific information is seen. Hie perceived 
relationship is that convergent q-jcjstions encourage exact answers 
which students view as knowledge. 

Examination of the teacher's questions and the students' replies 
suggests that recitation coupled with convergent questioning leads to 
specific information being stressed at the expense of concepts. For 



example, when the teacher indicated that he was discouraged because 
the students had forgotten the concept of "energy transfer" in 
autotrophic organisms r he attributed the students' lack of memory to 
paying too much attention to the biochemical details of carbohydrate 
production* 'She researcher contends this is not the case. Students 
have not forgotten the concept of energy transfer r they have placed it 
in a position of secondary importance in what they view as biological 
knowledge. The reason it is considered of less importance is that 
information is stressed in both the presentation of material and 
questioning sequences. The structure of the questions and responses 
of teacher "A" show that he knew the answer and was seeking a 
student's response that suited a particular direction. For example, 
when he asked the question, "Because the main thing that's in this 
carbohydrate package that's really hard to capture is what?", the 
answer was obvious, based on the context of the lesson, when this 
question did not elicit the desired answer of "energy", clues were 
provided which limited potential answers. In this example the phrases 
"hardest to acquire from the environment" and "in that form" refer to 
earlier instructional sequences where a direct link was made between 
visible light being an energy form that is found in the environment 
and the observation that green plants package energy in the form of 
carbohydrates. Ohe responses of teacher "A" also show that he pre- 
established the answers and was seeking a particular response. In the 
case of Linda replying "I don't know" to the question, "So we've 
called these green plants what kind of packagers?", it is obvious that 
he wanted to hear "photosynthetic autotrojiis" as the reply. When this 
reply was not heard he gave clues and finally treated the question as 



rhetorical in order to continue. 



l^nother factor that leads to specific answers is the closed 
nature of the teacher's responses. As a consequence of the teacher 
predetermining acceptable answers, it is expected students will give 
short answers that match the teacher's framework. Answers of this 
type are also encouraged by the teacher elaborating specific points 
and directing the material to the next question. Each answer is 
normally followed by a comment, not necessarily on its correctness, 
but on its relevance to the issue at hand. The following excerpt 
shows how students' responses of "sunlight" and "food" support the 
lesson. 



A: ... The chemical carrier for the energy that the plant 

captures has a three letter afctoreviation. what would it be? 
[2 s p] Laurel? 

Laurel : . 

A: Its initials are 

Laurel: 



ATP. Ya. 



A: Not E.T. but ATP. We should have a bumper sticker. If E.T. 

warrants a bumper sticker, certainly this does. It is the 
energy chemical of life on earth. I'd like you to, or make 
notes, this is common to all living forms. Not just in 
plants. The unique thing in plants, however is they, the 
green plant, can make this chemical. Not by taking energy 
from food but by taking energy from what source? Ted? 



Tfed: Sunlight. 

A: From light. And that's the unique part of it. You and I 

may make ATP also. We use it to run our muscles, to do all 
k-^nds of work in our bodies. But we have to make it from the 

-3y that's already in chemical form. And the package of 
the. energy we call? Bonnie? 



Bonnie: 



A: What do you call packages of energy you boy in Safeway and 

Wooiuwards? 



Bonnie; Food. 

A: Pood/ ya. We malce our ATP from food. The plant makes its 

ATP from, initially at least, sunlight. And that's the 
difference in being an auto and hetero. aK./ well that's a 
very unique ability. For this, we said, not only does the 
plant need light but it needs something to carry or handle 
that light. And that light is first packaged or captured/ I 
should say/ by that very special molecule we call 
chlorophyll. And not just any chlorophyll/ but what kind of 
chlorophyll? Bev? [7 s p] We can distinguish one 
chlorophyll form another with symbols of the alphabet. Do 
you know your a, h, c*s? 

Bev: It's chlorophyll a. 



It may be concluded that the prevalent teaching mode of teacher 
"A" is recitation. This manner of teaching encourages a convergent 
questioning style which results in students giving short/ specific 
answers. 



(c) What is the interest in the communication process? 

The third guiding question raises the issue of how the teaching 
mode controls the communication process. The transcript reflects a 
teacher who controls lessons by directing questions and answers/ and 
who had a specific set of short and long-term objectives in mind when 
a question was posed. A set of questions converged on a particular 
point and each subsequent answer became more specific until the 
objective was achieved. For example/ each subtopic was introduced by 
the teacher who then developed particular points through leading 
questions. Once a particular answer or objective had been reached/ 
the issues were elaborated and summarized so that continuity existed 
for the lessons as a whole. As an example of the control the teacher 
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had over the cairection of a lesson, the following exchange is offered: 



A: 



... O.K., let's wind up this little demoustration. Ah, you 
have already in your notes a conclusion. I'd like you to 
write it down, based on our data ah, we've collected about 
geranium leaves and fiolfiua leaves ah, at least, what could 
you say, Juanita? [2 s p] There's the problem, what would 
you s^ in response to that problem based on the data? 



Juanita: Yes. 



A: Yes. I would not ah, be quite happy with that. You'd say 

the question is ... is chlorophyll necessary for the 
production of starch in geranium leaves and you'd say yes. 
In CqIsus leaves, yes. Now that is quite correct, but could 
you give me a sentence answer? Keep it positive now. 12 s 
p] Yes, chlorophyll is - , or you could just say chlorophyll 
is ... 

Juanita: Chlorophyll is necessary for the production of starch in 
geranium and £i2l£us leaves. 

A: O.K. I'd be a little more happy with that. WeJ' we're going 

to leave that then, significance of chlorophyi V\ for the 
moment and go to where is it kept? what part v e leaf 
holds the chlorophyll? Let's take a look at oui. e .ation, 
ah, once more for photosynthesis. What are the two raw 
materials the environment has to provide to make sugar or 
starch in the plant? jean? [2 s p] is that your name? 

Ya. 

What are the two raw materials for making sugar or starch? 
What a plant needs. I have one on the board, what's another 
one? 

H^. 

H2O. A plant has to obtain carbon dioxide from the air, 
water from the soil we said. And in the presence of light we 
said, or in the presence of energy and put together 
starch. But we haven't just demonstrated only if the plant 
has what inside it? [2 s p] Norm? [3 s p] what trap?* 
light? ^ 

Norm: Chloro^iyll. 

A: Chlorophyll. So I'll add chlorojiiyll to my little summary 

and then I get starch and sugar or what we call 
carbohydrates, ah plus something we haven't really been 
focusing on very much, oxygen and we'll have some water. 



Jean: 
A: 

Jean: 
A: 
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For example/ the teacher structured the questions so that students 
provide one-word answers, a?his is illustrated fcy the question "What 
are the two raw materials for making sugar? What a plant need^, I 
have one on the board. What's another one?" For Jean to provide the 
answer of extended thought was unnecessary, she memorized two 
pieces of information from an earlier lesson and then repeated the 
name of the compound not provided by the teacher, Hie answer is then 
used by the teacher to achieve his next short-term objective. 

The previous exchange shows how the manner of teaching controls 
communication between a teacher and students. When questions and 
answers are examined/ it is seen that the teacher accomplished at 
least two unstated goals. The first one is that of providing students 
with additional information/ while the second is to check students' 
memories for particular information. As a result of the manner of 
teaching and its control over the communication process/ the teacher's 
presentation of biology is perceived in a particular way. T^ically/ 
the teacher is seen as an expert who has command of a body of 
knowledge which is transmitted to those who do not know. The expert 
image is further enhanced by the practice of asking questions in such 
a way that it is obvious to students that the teacher has answers 
which he considers acceptable. By adopting an expert position the 
teacher places students in the position of being novices and as a 
result there is a distinct boundary between knowledge and ignorance. 
In this instance the expert is seen to possess knowledge in the form 
of specific information which is transmitted to students who are 
ignorant of biological information/ processes and concepts (StubbS/ 



1976 r p. 100). An implication of an expert image is that students may 
interpret knowledge to be discrete pieces of information which are 
passed from one expert to another and finally they are taught in 
biology classes. The following excerpt from an discussion with a 
student from teacher "C"*s class illustrates this point: 



B: Now you've used the word "knowledge." what does the word 

"knowledge" mean to you? 

Susan: Dm, I guess it's just extra information that I knowr that I 
can use. 

B: Can you give me an example of a piece of knowledge? 

Susan: A piece of knowledge is um, knowing ^e different blood t^^s 
is knowledge. 
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B: if I was to say I was 

type Or for example, that would count as a piece of 
knowledge? where has that knowledge come from? 

Susan: For me it came from Biology 20. 

B: It came from Biology 20. And what about the person who 

originally came across that piece of knowledge? 

Susan: They probably did it through experiments, discoveries. 



In this instance Susan equated knowledge v/ith specific 
information that she termed fact, l^n further questioning it became 
clear that such facts, in her view, exist in reality in the same way 
physical objects exist and these facts are discovered by biologists 
just as a previously unknown island is discovered by an explorer. To 
her, scientific experiments uncover facts and when a sufficient number 
of experiments are performed the facts are proven and incorporated 
into courses as biological knowledge. A second implication of the 
expert image is that students receive the impression that facts are 
discovered and proven by empiricism. This point is shown by comments 



such as these: 



A: Little chloroplasts. What if I tore a leaf apart and spilled 

out those little chloroplasts / would one chloroplast make 
starch? [2 s p] What do you think Juanita? 

Juanita: — . 

A: Sure, You'd say sure. Well how would I 

prove it? And scientists have. They've ground up leaves, 
they've isolated chloroplasts they've bubbled carbon dioxide 
through with water and doubled the light and sure enough out 
comes sugar. 

The declarative phrase "And scientists have"/ carries the message that 
empirical experiments are a source of absolute proof for observations 
and/ thus, if something is known with certainty/ it is transmitted as 
knowledge from one expert to another. Also within this excerpt is a 
message that knowledge can be proven and it consists of pieces of 
information that exist outside individuals. In other words, knowledge 
is not a creation of people/ it exists in reality. 

The observed teaching mode and its element of communication 
control result in biological knowledge being presented in a particular 
fashion. The manner of teaching lead the researcher to perceive 
biological knowledge presented as an item that exists in reality. In 
discussing this perception with teacher "A" he indicated that it is 
opposite to his personal belief. According to his view there is a 
"realily of nature and the scientific process provides one way of 
understanding this realilg^." The teacher expanded his view when he 
was asked if he taught the nature of science to biology classes. 



As I dOr [make a specific point of dealing with the nature of 

science in biology classes] ahr for about two periods, one 
and a half to two periods at the beginning of the course and 
my thrust at that point is simply to say we are limited in 

B: Urn, huh. 

A: what we can study in this course. Science is a limited way 

of knowing and secondly it does not produce truth. And those 
are sort of my two thrusts. Dm, so if we run into ideas in 
this course that seem to be in conflict with some other ideas 
we have, the student has picked up along the way from a 
different way of knowing, it does not necessarily mean to say 
' that what we're learning here is sort of ah, more or less 
true than what you've learned in some other area. In a 
sense you can look at the world from different angles and see 
it from different perspectives and both are legitimate. 

B: urn, huh. 

A: And I'm trying to reduce the level of threat particularly 

keeping in mind those students in the class who come from, 
from ah, a world view greatly influenced by fundamentalist 
Christianity. 



Comments such as you can look at the world from different angles 
and see it from different perspectives" shows that the teacher 
believes knowledge results from a variety of systems. To him, biology 
is only one way of obtaining knowledge. In the following excerpt he 
indicates that theology is also a source of knowledge. 



A: ... Some of these people [early biologists] were members of 

the cloth. I should say they were clergy. They were not 
scientists in the sense of totally employed, getting 
research grants from the government of their country, they 
weren't being sponsored, shall we say, by some big company to 
do research. They were not staff at universities in the 
faculties of science, they were doing science as a hobby. 
Why the clergy? Why did people in the church, as ministers, 
go tampering around with some of these questions? Anybody 
give me an idea on that? [3 s p] 

I find that kind of intriguing because today some of us have 
the misconceived notion that religion and science are 
antagonistic That is they don't get together very much. 
And we even see this in the form of debates. And we even see 
this happening at our [own] auditorium, and it will draw a 



large crowd. I didn't see the record in the paper of last 
Thursday's meeting. Does an^^xxly know? [2 s p] Anybody 
there? Nobody went to xiear a lecture on the Grand Canyon? 
Well, what we're saying is it used to, maj^ it's not that 
anymore. I went to one and the auditorium was full. Uiey 
bused people in from outside [the city] all around to hear 
this guy talk about issues of religion as he saw it. And 
here we find people in the church were doing what we would 
calif today, science. Can you give me an explanation why the 
two were quite comfortable. Yet doing this kind of 
questioning about nature along with your interests in 

theology. ... Well, on summarizing my suggesting that 

people in, dealing with theological issues find nature an 
area of support* They could go to nature and say isn't 
nature wonderful, isn't nature beautiful, doesn't it show 
tremendous design? And they would say that is certainly 
quite strong evidence for the existence of the subject of my 
other interest, God, And so to research nature, or to look 
into nature was supportive in those days of their belief or 
their faith system. ... 



. In summary, the teacher's comments show that both biology and 
theology are presented as ways of knowing. His view presents biology 
as one way of gaining knowledge. To him, the scientific process 
establishes a link between the reality of nature and the creation of 
knowledge by man. 



The third guiding question also examines the manner in which 
student-initiated queries are handled and the degree to which they are 
accepted as being logically admissible, or appropriate, to the present 
discussion, l^n studying the transcript it is seen that student- 
initiated questions are related to both communication control and the 
expert image. In the complete transcript the lack of student- 
initiated questions is notable. Five instances were found in which 
students posed questions to establish or clarify their understanding 
of a particular point, in two of these instances the queries dealt 
with examination questions that had been recently graded or were 



upcoming. Of the remaining three, two were stimulated by the teacher- 
directed discussion and the third instance was student-initiated. The 
first two instances are illustrated by this excerpt: 

A: ... And by the way, from your test I got the impression you 

don't understand the word pigment. You tended to confuse it 
with a pLastid. You thought pigments and plastids were the 
same things. 

Student: Isn't a leucoplast a pigment or something like that? 

A: You've illustrated iry point very well. What is the meaning of 
the word pigment? is it an animal? Or is it an organism? 
Is it part of a cell, like an organelle? ... 

The student's question was stimulated fcy the teacher-directed 
discussion and it was answered by referring to a dictionary definition 
which the teacher read to the class. Once again the teacher is seen 
as an expert providing information. What is lacking is evidence that 
the student clarified the obvious confusion he has about anatomical 
structures of higher plants. 

The second examination oriented question also arose from a 
teacher-initiated discussion and the question was used for 
clarification of a previously us'ad term. The teacher's reply enlarged 
upon his previous comments and reworded the material so that it was 
more specific. The remaining three instances show attempts by 
students to clarify their understanding of specific issues. For 
example/ this sequence developed when students were examining 
photomicrographs of water- and food-carrying structures in plant 
stems: 



A: ... There isn't a variety of cell sizing. Quite uniform/ it 

really makes the wood really quite nice. 

Student: Is this from a pine? 

A: This is a pine. I'm going to introduce some matching terms 

here. These cells in the xylem... 

Prom the transcript it is apparent the student established 
relationships between previous statements and the photomicrograph that 
the class was examining, it is also apparent that the meaning of his 
question was either ignored or not understood by the teacher. As a 
consequence the equivalent of a one-word answer was given and then the 
teacher carried on with what appears to be a predetermined course. 
The other two student-initiated questions were treated in a similar 
way. 

On the basis of the previous examples it is seen that student- 
initiated queries receive little emphasis and, despite being directly 
related to issues being discussed/ they are txeated as inappropriate. 
This conclusion is based on the manner in which the questions are 
answered. An outgrowth of the manner in which students' questions are 
handled is the perception that such questions are not an important 
part of the learning process. This may partially explain why so few 
students asked questions. A further implication of the lack of 
student-initiated questions is that students not perceive 
themselves as being able to add significantly to issues being 
discussed. Students are passively receiving information instead of 
being actively involved in developing their understanding of biology. 

The observations concerning student-initiated questions ^pear to 



contribute meanings similar to those previously discussed as to how 
biological knowledge is perceived and presented by the teacher. Hhe 
manner in which student-initiated questions are handled provides 
another reminder that the teacher's purpose is to transmit information 
and the students' purpose is to receive it Also the short, clipped 
answers indicate that knowledge is not subject to interpretation; 
instead correct , specific answers exist and to obtain an answer, all a 
student has to do is ask the teacher. Hie teacher's personal view is 
that knowledge is open to interpretation but the use of a convergent 
teaching st^le, that has a strong element of communication control , 
leaves the opposite impression, in the case of classroom observations 
the researcher received the impression that biological knowledge is 
exact and not subject to interpretation. Because of this impression 
the teacher is seen as an individual who transmits knowledge instead 
of a person who assists students in interpreting knowledge. The 
impression adds further to the expert-novice separation that was noted 
earlier. 

2. Subject Perspective 

(a) What, according to the teacher's definition, constitutes biology 
as an area of study? 

The first guiding question of this section examines the teacher's 

definition of biology as an area of stucfy. In this analysis the 

teacher's subject perspective is interpreted to be the predominant 

view of school biology that provides a focus for the material 

presented, when the lesson transcripts are examined, the structured 

arrangement of the subject matter becomes evident. The primary 



arrangement of the subject matter is conceptual in that it consists of 
a system of ideas. The organization of the material is on the basis 
of photosynthetic biochemical relationships. A secondary arrangement 
of the subject matter is also evident. The teacher's presentations 
stress the biochemistry of photosynthesis but they also combine it 
with the history of biology. These features are combined by 
presenting significant historical experiments so that biochemical 
concepts are illustrated. Besides presenting the biochemical 
concepts, the historical organization reinforces the idea that 
biological knowledge is gradually becoming more complex. The idea of 
complexity is achieved by indicating that as more experiments were 
doner they became more sophisticated and the ideas became more 
difficult to understand. For example, van Belmont's experiment is 
presented as being very simple whereas Calvin's work is portrayed as 
complicated and difficult to understand. 

The previous observations are supported by the teacher's comments 
as evidenced by the following discussion. 

B: Ahr now something that you have done, ah, in the class that I 

noticed was you made a specific point of teaching the history 
of biology as you went through that section. And do you 
normally make a practice of doing that? 

A: I would say that on this topic I normally do. 

B: \M, huh. 

Ai And on this particular topic, for some reason I emphasize it 

more than other topics. Ah, because the book presents quite 
a few men in the treatment of the subject and secondly I 
guess I find it an opportunity to see progression more 
clearly than in some other fields. Maybe just because I'm 
aware of it. But ah, you can see how ideas grow. Starting 
quite early and ah, and how they progress and become more and 
more complex and more complicated. And how the level of 



experimentation then becomes more complex as time passes. I 
think it is an opportunity to point that out* Whether the 
students get that I don't knowr but I definitely was trying 
to say aK., the first questions that were asked and the way 
they were answered was certainly different than the questions 
being asked now and the way tiiey're being sought now. 

B: Uhir huh. 

A: Starting off with simply growing plants versus radioactive 

tracing. 

On the basis of these observations it can be said that the teacher's 
subject perspective is a conceptual arrangement of relationships that 
is taught by initially presenting relatively simple concepts which are 
gradually expanded. Utie initial concepts are used as a foundation and 
subsequent points are presented in greater detail until the teacher's 
understanding is discussed. The impression of a conceptual 
arrangement, which gradually becomes more complex, is illustrated by 
phrases such as "I find it an opportunity to see progression more 
clearly", "see how ideas grow" and "how they progress and become more 
and more complex and more complicated." TJiese comments demonstrate a 
view of biology that moves from the simple to the complex. In order 
that the teacher's subject perspective is more easily understood it is 
important to examine the rationale that governs the presentation of 
biological knowledge. 

(b) What is the rationale for the teacher's knowledge? 

Observations related to the rationale of why particular knowledge 
is presented leads to the inference that the teacher's view of biology 
is strongly influenced by empiricism. This term refers to the idea 
that reliable inferences are generated through a scientific method 
that is based on observations and controlled experiments. Further, 



the probability of scientific knowledge is demonstrated by the 
principle of induction (Radnitzky and Andersson, 197 8, p. 23). Since 
the teacher's view of biology is empirically based, his presentation 
of school biology relies on data obtained from observations or 
controlled experiments. During a validation discussion the teacher 
indicated that he was in agreement with this inference because his 
conception of the biological method follows the presentation of the 
scientific method provided by Arms and Camp (1979, p. 3). With an 
empirical point of view the teacher considers knowledge that is 
derived from the scientific method as being more reliable than 
knowledge which has ideational, or theoretical, origins. Since the 
teacher holds an empirical point of view, it is eiqpected that his 
presentation of school biology will reflect this view. In the 
following example the influence of empiricism on a lesson is seen. In 
this example the teacher presented students with information about 
leaf structures that are involved in the movement of carbon dioxide 
from the atmosjAiere into a leaf. 



A: We would investigate now, is, how can a plant breathe 

but at the same time stay wet inside? Well I*d like you to 
carry out this exercise now, on your own and what I want 
handed in, in twenty-five minutes are two hypotheses. They 
are indicated, one, you only have to prepare.,, [one copy per 
lab group]. 

Just to review what we've done. I was expecting that 
you'd make some observations. You were to observe what 
the plant uses for breathing. That is, you were to see 
pores and the guard cells accompanying them, wliich are 
involved in gas exchange in the plants. We can call 
these bits of information that :you were picking out, 
data I guess. Or you can call them facus, if you were 
thinking of, of again bits of inform.r'^ticn. Now we are 
trying to work out an explanation for now a plant 
regulates its gas exchange. How it opens and closes 



those pores we saw- So from our observations we're 
trying to draw some tentative explanation. And this is 
what you were expected to write down. ••• 

Prom the post-laboratory lesson it is apparent that the intent 
was to have students generate hypotheses but specific observations 
were discussed instead. In the first validation discussion teacher 
"A" indicated that he changed the focus of the lesson from hypothesis 
formation to an explanation but he did not inform the students of the 
change in focus. Hie teacher is aware of the differences between a 
hypothesis and an explanation bat his lesson did not convey this 
distinction to the students*. Because of this oversight/ the lesson 
makes a direct connection between observations and causal explanations 
by stating that observations and facts are identical and then implying 
that facts are used to form explanations. In terms of knowledge 
formation there are several messages contained within this material 
that observers perceive. Perhaps the most important is that an 
empirical method provides facts which cannot be disputed and they are 
used to form causal explanations. 

(c) How is the teacher's view of high school biology reflected in 
the lesson material? 

The last guiding question raises the point of whether the 

teacher's view of biology influences the presentation of the subject 

material. In examining the transcript it is noticed that specific 

sections indicate biological knowledge is intended for individuals who 

demonstrate a proficiency in the subject. An ^prenticeship program 

is suggested because students need to have theoretical and practical 

skills if they are to continue in biology. A discussion of how sugar 



originated in higher plants illustrates this point* 



A: RerG we're saying if sugar must come from sugar how do 

you get the first sugar? Now I'll just leave that 
question dangling for you. It would take us back and we 
would say to the origin of life. Where did the first 
photosynthesizing green organism come from? How did it 
get started? And I really have no clear answer to that. 
We'll just leave the question. ... 



... My question I don't have a good answer for is, \rell 
where did the first sugar come from? How was the 
machinery put in place to make that very first sugar^ in 
the ahr very first photosynthesizing plants? And we'll 
just have to leave that. I shouldn't leave you with the 
impression there is no answerr there's no answers to 
that. Ihere are hypotheses you might say, or there are, 
there are suggested answers to that question but I'm not 
prepared to ah, reveal or go over those with you. 



The impression that is received is one of a teacher possessing 
knowledge but choosing not to share it with other individuals. During 
our discussions he stated that knowledge is public and individuals 
should have access to it at all times. This is opposite to the view 
that was perceived by the researcher. It appears the difference in 
interpretation depends on the phrase "TDut I'm not prepared to ah, 
reveal or go over those with you". The teacher stated that the word 
"•prepared" had two meanings for him. The first was that he was not 
academically prepared to deal with the issue and if he pursued it the 
possibility existed that information may be misrepresented. The 
second meaning was that the topic was inappropriate because of time 
and course constraints. The teacher suggested that there was 
insufficient time to deal with the issue properly and other course 
material needed to be taught. 



The researcher's perception was that particular knowledge is made 
available to select students at certain points in their careers. 
Because of this perception, biology is represented as a conununity that 
admits its members on the basis of an apprenticeship. The process 
begins in school where a student learns basic principles, techniques 
and standards that constitute the field of biology as defined fcy 
teachers. If a student is successful at this stage he is permitted to 
advance to the next level, that of a university undergraduate. The 
following quotation demonstrates the message of an apprenticeship 
program. 

A: ... Now what we're really pushing for are some details 

that are then, um, not, not part of everybody's high 
school educational experience. And I'm saying we're 
aiming this primarily at you people, say those who are 
looking for your matriculation. And then maybe a 
program in the sciences. And by the way, mar^ Aluminum 
Bay students go on beyond high school into science. A 
very large proportion do so. 

The ultimate stage in such a program is reached by individuals who 
become research scientists and deal with specific information. For 
example, Ruben was presented in this way. The comment, "but to some 
minds that is satisfying knowledge [Ruben's discovery that atmospheric 
oxj/gen results from plants splitting water, not carbon dioxide, 
molecules] and they [biologists] spend hours and hours and hours in 
the laboratory figuring that out. Ah, discovering it. I'm saying the 
question is not for everyone perhaps", presents Ruben as an individual 
with special characteristics. Associated with this view is the 
impression that biologists have specialized knowledge and it is not 
intended for everyone, nor will it be made available. 



The previous discussion attempted to show that an elitist image 
of biology and biologists may be presented through classroom lessons 
and the knowledge that accompanies this view is seen as difficult to 
understand One implication of knowledge is that it is meant for the 
initiated and if students are not at a pcurticular level they have to 
accept many knowledge claims on faith* An example of students 
accepting knowledge claims on faith occurred when the teacher 
presented material on how sugar originated in plants. On the basis of 
the presentation students accept that an explanation exists for the 
origin of sugar. The students are not offered ways to evaluate tlie 
teacher's statements. 

Particular assumptions about biological knowledge are suggested 
by the teaching of biology as a subject that is partially revealable. 
One implication is that various forms of knowledge exist and some of 
these are understandable by the average layman but others are 
complicated and only research biologists are capable of understanding 
them. Associated with the forms of knowledge are values. Knowledge 
based on common-sense is not valued as highly as knowledge that is 
discovered through empirical means. Complex, theoretical knowledge is 
valued moat highly as evidenced the teacher's description of 
biologists and their historical experiments. 

Hhe foregoing analysis indicates the teacher's predominant view 
of school biology is an empiricist's frame of reference in which 
certain conceptions of biological knowledge are included. The 
teacher's conceptual arrangement of school biology suggests that 



biological knowledge is composed of a set of abstract structures that 
can be distinguished so that logical divisions can be made. 
Connections between the divisions are readily apparent* Intrinsic 
characteristics provide a framework for knowledge within a logical 
division. For example/ historical experiments in 0iotosynthesis 
comprise a logical division and some characteristics that join these 
experiments are the group of problems themselves/ type of data 
gathered within the experiments and the manner in which the data are 
verified. 

According to the teacher's conception/ nature exists in reality 
and biology is one way of gaining an understanding of that reality. 
To teacher "A" knowledge is a human creation/ it is not an existential 
object. The connection between reality and knowledge is not a direct 
correspondence but individuals come to know the connection through 
empirical means. As a consequence biological knowledge consists of 
causal explanations of deserved phenomena. Even though the teacher 
indicates knowledge is a creation of man he gives his audience the 
impression that it consists of stable objects. This impression is 
derived from the teaching mode that presents biological knowledge as 
specific information which is discovered by empirical means. An 
implication of this perception is that knowledge is being reified. 
Man is seen as a passive interpreter of the world and individuals who 
possess knowledge can inform those who are ignorant. Associated with 
this perception of objectified knowledge is the view that such 
knowledge is i.ntrinsically valuable. 



Teacher "C" 



1. Pedagogic perspective 



(a) What is the theme around which the teaching takes place? 

The first guiding question provides a focus for determining the 
theme of teacher "C's lessons. An examination of the transcripts 
reveals teacher "C" uses the ideas of structure and function to explain 
major concepts of the nutrition subsection. The concepts explained 
are those of photosynthesis and then teacher "C" relates those 
concepts to other basic biological processes. The connection that is 
made between j^otosynthesis and other biological processes is done on 
the basis of aiergy transfer. For the teacher, structure and function 
provide a framework for the organization and presentation of basic 
concepts. The teacher's framework is demonstrated in the following 
excerpt where he was responding to a student's question concerning gas 
exchange in the roots of a plant. 



C: Well you see, a viable plant you have to have an organ 

system, an organ working with another organ, with another 
organ* So you have snipped them off, so you have a stem 
which could be an orgaru Ihe leaves could be an organ. So 
as an organism it's incomplete, alright? And for it to have 
any form of growth it would then have to take in more water. 
The best water absorbing t/pe structures are roots. So 
therefore as a function it would like, therefore, at least to 
develop a structure that's going to look after it. I'll keep 
working structure and function at you guys until you 
understand it. Everything has a function because it has a 
structure and that structure is going to have a direct 
bearing on how that function is carried out. aK.? 



Contained within the excerpt is a message that a relationship 
exists between the parts of an organism and the function of the 



organisnu Olie relationship involves the idea that evolutionary 
developments have resulted in organisms possessing particular 
structures and because of the nature of the structures they have 
specific functions. Besides the structures determining the general 
type of functions, the structures also determine how organisms carry 
out the functions. It appears the teacher is using a teleological 
argument or an argument from design vHullr 1974, p. 103) to convince 
students that a basic explanation exists for biological processes. 
Olie statement, "Everything has a function because it has a structure 
and that structure is going to have a direct bearing on how that 
function is carried out. OlK.?", is couched in terms of goals, 
purposes and functions thereby giving the impression that an overall 
purpose governs biology. This argument was used throughout the 
transcripts and it suggests that particular events are determined by 
later events. When this style of argument and its implications were 
pointed out to the teacher he stated he was not attempting to argue in 
a teleological manner but he was concerned with "learning 
implications," He was "trying to present information so students can 
learn the biological knowledge" and he felt that the structure and 
function principle presented in this particular way accomplished his 
goal. 

In the context of structure and function the teacher referred to 
the relationship on an organ basis while other excerpts referred to a 
biochemical or cellular organizational scheme. A message of this 
indicates the teacher conceives of biology as a study which is based 
on grades of organization. This term refers to the biological 
principle that protoplasmic systems are differentiated and organized 



into compartment units (Hickmanr 1961^ p. 91). Hie principle involves 
the idea that organisms are an organization of units cSif f erentiated 
and integrated for carrying out life processes and this organization 
goes from one level to another as the evolutionary path is ascended. 
The levels or grades of organization are broken down as follows: 
bioche/nical, protoplasmic, cellular r cell-tissue, tissue-organr and 
organ systems. 



The connection between the teacher's organizational framework and 
the theme of photosynthesis is that structure and function are 
explanatory concepts that are applicable to biology as a whole. These 
concepts are used to explain the theme of 0iotosynthesis. The theme 
was suggested in comments such as the following two excerpts; 



C: HomeostatiCf so that now something is homeostasis. Tliat 

means it is going to try and control a certain level of 
materials in its environment. And these materials in the 
environment must be kept at a fairly constant level. One of 
those things r or I should say two of those things must be 
kept constant in the environment of a cell are going to be 
the gases involved. Those two gases that Heidi stated 
earlier are going to be carbon dioxide and o^gen. Most 
organisms are going to either consume the carbon dioxide in 
their chemical reactions. And if they're consuming carbon 
dioxider they're probably using other materials, for example 
water and they'll be releasing oxygen. Or they could be, for 
example, taking in oxygen and releasing carbon dioxide. Now 
those are the two major processes of life. The building of 
the complex material which is the consumption of the carbon 
dioxide or making of sugar. Or the breaking down of the 
sugar molecule and the releasing of carbon dioxide as a by- 
product. So those are the two major gases involved. The two 
major processes using those gases are E^iotosynthesis and 
cellular respiration. ... 

... PGAL the end-product of photosynthesis can be used to 
make sugars, can be used to make plant fats, oils, can be 
used to make plant proteins with the addition of nitrogen. 
O.K.f so all the components that we classify as organic can 
find their origin through the process of piiotosynthesis. Of 
course there are going to be some exceptions and those would 
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be your chemosynthetic tgfpe of organisms. 



In these two excerpts comments such as, "the two major processes 
using those gases are Eiiotosynthesis and cellular respiration" and 
"O.K*f so all the components that we classify as organic can find 
their origin through the process of photosynthesis", suggest a theme 
of energy transfer in photosynthesis. i^>parently the teacher is 
suggesting photosynthesis is a basic process which converts light 
energy into chemical eriergy for living organisms. Underlying the 
suggestion is a thought that the theme is important for students to 
understand because the relationship of energy transfer provides a 
basic concept which is common to biology. It seems this concept is 
involved in the organization of the lessons as well as being used as a 
basis for other concepts. 

Altho'igh the course description indicates autotrophic nutrition 
is the theme of this section the teacher did not discuss 
chemosynthetic organisms. In a later discussion the teacher indicated 
that he did not do this because of a "time factor and the topic was 
less important." He based his judgement of importance on provincial 
examinations and the amount of material in the authorized textbook. 
In his words r "the language of the text indicates a few organisms 
undergo chemosynthesiSr therefore the text has helped form my 
opinions." It is on this basis that he decided not to teach the 
broader concept His position is based on two assumptions. The first 
assumption is that if a concept is important a provincial authority 
will examine it. The second assumption is that the author of the 
textbook is an expert and since he did not devote a lot of space to 



chemosynthesis it is not important* Included in the second assumption 
is the idea that a classroom teacher has no right to question the 
decisions of an expert because the teacher is not an expert in the 
subject area. 

In summary/ an unstated theme of energy relations is evident in 
the transcript and it provides a framework around which the lessons 
are presented The statements of teacher "C" suggest that he views 
the unstated theme as a basic principle which students are able to use 
to make sense of other biological principles. 

(b) what is the prevalent mode of teaching that occurs in the 
classrocm? 

The second guiding question focuses attention on the dominant 
teaching mode and allows questions to be asked concerning observed 
patterns. Upon examining the transcripts the dominant mod^ that was 
observed was a form of lecturing. This term refers to the traditional 
presentation of factual material by exposition (Beasley, 1983/ p. 
716). For example/ a typical lecture begins with the teacher making 
introductory remarks and then continuing with a description (e.g. the 
structure of a leaf). In the first validation discussion the teacher 
noted the frame of reference for the lecture (leaf structure) was a 
confirmatory lesson for material that the students had been taught in 
an earlier course. Although the following example uses information 
that is considered common knowledge for marr^ students/ it is 
representative of the dominant teaching mode. 

C: Now the cross-section of the leaf. At the top of the leaf 
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you have a water resistant cuticler a layer of epidermal 
cellsr which is something like your skin^ they're 
transparent, protective. There's a layer of cells just below 
thatr which are the palisade raesoE^iyll. The palisade layer 
they contain a large number of chloroplasts and that's where 
the process of jiiotosynthesis will take place. ... 

The introductory remarks of this lecture serve two purposes. The 
first purpose is to focus students' attention on important points 
that are going to be presented in the future. The second purpose is 
to bridge past material to that which is about to be presented. In 
this example the teacher connected previous concepts of gas exchange 
to the structure of a leaf and then related the combined information 
to the movement of materials in cells. Once the information was 
related to the movement of materials in cells the concept of the 
opening and closing of stomata was discussed. As such, introductory 
statements of this typ® provide a commentary on what has happened, is 
happening and will happea By including these remarks the teacher is 
separating the official or testable lesson from the unofficial or 
untestable lesson. The official lesson becomes the points the teacher 
stresses through repetition, tone of voice, choice of words or other 
communicative devices. It is these points students perceive as the 
material that forms examination questions. The remaining material is 
considered the unofficial lessoa For example, the unofficial 
material consists of interesting asides that are not directly related 
to testable material. The separation of material has meaning for what 
students consider important and what they perceive as knowledge. 

The focusing statements in the previous excerpt indicate that 
specific statements of leaf structure are important and they are 




considered knowledge. As mentioned previously, factors such as the 
choice of words and the tone of voice give extra meaning to the 
introduction. For example/ the focusing statement/ "I'm going to 
concentrate on the carbon dioxide intake of a plant and I'm going to 
show you how it gets into the leaf and also how the control of gas 
exchange is controlled by the guard cells"/ contains words that 
project certainty. a!he phrases "going to show you how" and "is 
controlled" convey the message that what is about to be presented is 
known with certainty. Certainty is also conveyed by the tone of 
voice. When vocal erajiiasis is placed on declarative phrases a direct 
message is transmitted, in this example the message is that the 
upcoming explanations are correct. By stressing the correctness of 
the explanations doubt is removed from biology. Doubt is removed 
because a particular theory for the regulation of stomates is 
presented as the explanation. The teacher's explanation of the 
mechanism of stomatal regulation is equated with a change in sugar 
concentration in the guard cells. The change in sugar concentration 
is due to photosynthesis and as a consequence changes in osmotic 
pressure open and close the stomata. This explanation is in agreement 
with that offered by Kimball (1975/ p. 225) which is the authorized 
textbook for Biology 30. 

Both the teacher and the textbook present one theory as the 
explanation and students are not made aware that some six theories 
are presently considered for this phenomenon. Each theory appears to 
have its own merits and demerits. ^ presenting one theory the 
teacher is removing doubt from biological explanations. The removal 
of doubt has meaning for how students perceive biology. Cne possible 
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inference is students may view biology as providing specific answers 
because explanations are presented as certain. A second possible 
inference is that students may not appreciate that theories usually 
explain some observations but not others. By presenting theories as 
certain, students are not aware of competition among supporters of 
various theories, that theories are tentative nor the role anomalous 
results ExLay in the development of alternate theories. 



Olie distinction between the official and unofficial lesson is 
further enhanced by the teacher's questioning method. The teacher 
frequently begins and ends a lesson by asking questions which 
summarize essential points of the previous lecture. For example, the 
following excerpt is a series of questions posed after a lecture on 
the light and dark reactions of jiiotosynthesis. 



C: Harriet? Did I leave you back on the light reaction? You 

tell me, what's the difference between the light reaction and 
the dark reaction? 

Harriet: . 

C: aK. Dark reaction works because it gets the energy from the 

light reactioru The light reaction only works in the light. 
Therefore if the light reaction only works in the light it 
provides the energy for the dark. The dark won't work unless 
it gets energy from the light. 

Harriet: Why do they call it the dark reaction? 

C: Because it doesn't need sunlight directly. 

Harriet: Can I call it indirect light reaction? This is so confusing. 

C: aK. call it the indirect light reaction and on a test call 

it dark. 

Student: . 

C: No, no. Photosynthesis, which is the production of sugar 
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takes place during the daytime. Right? When they're in the 
sun. Now there is the reaction of building these complex 
materials takes place in two biases. One we have energy and 
two we use the energy. And the use of energy is called the 
dark reaction. Now, this is the confusing part when you 
first start photosynthesis. Even if you have the term dark 
reaction so you'd expect it to take place at night-time when 
there's no sun. But it doesn't require sunlight directly. 

Student: So they both happen at the same time then? 

C: They happen at exactly the same time. 

Student: If there is light/ why do you need the dark reaction? 

C: aK. good question. If the light reaction and the dark 

reaction take place at the same time, which I said they did. 
The question was why if there is light/ why do I need a dark 
reaction? Because if I have light I have the light reaction. 
What is the prcxJuct of the light reaction? 

Student: Utn, formation of ATP. 

C: Formation of ATP. What's ATP? 

Student: Energy. 

C: Energy. So the light reaction pumpL i.:':tle packets of 

energyo So what are you goin' to do with the energy? 

Student: Food. Use it to make food. 

C: Use it to make food. Where is it making the food? 



The questions that make up this excerpt are analyzed on two 
levels. On the first level/ the statements have a meaning which deals 
with checking or confirming students' understanding of particular 
concepts. For example/ the excerpt begins with the teacher asking 
Harriet a question. Such a question checks whether she understood the 
point that had just been made. Next/ the student's response is 
evaluated and judging by the response of teacher "C" he decided 
Harriet's understanding needed correcting. Later in the sequence the 
statement/ "O.K. good question." serves a dual purpose. One, it 



checks the stuc3ent's understanc3ing and two, it provides an editing 
function which carries a value judgement on the student's question* 
In this instance the value judgement is that the student is attending 
to a point the teacher considers important* According to the teacher 
he purposely uses this questioning style because it allows him to one 
"check understanding", two "make sure the rest of the class hears the 
answer", and three "lead students to the nsxt major point." 

On a second level, the excerpt is examined for the meaning it has 
with respect to what is considered the official lesscru The analysis 
is based on the assumption that when a teacher summarizes a lecture 
the summary reflects the important points. During a summary 
particular points are stressed and students interpret these points as 
the official lesson. The second level of analysis is shown in the 
student's questions. For example, the teacher stresses differences 
between light and dark reactions. Harriet's questions show that she 
has focused on these points and she is attempting to clari^ her 
understanding of the official lesson. It is on this basis that 
students perceive the stressed material as important and they make a 
distinction between the official and unofficial lesson. 

(c) What is the interest in the communication process? 

The third guiding question provides a focal point for examining 
the degree of control the teacher exercises over the communication 
process. The transcripts reflect a teacher who controls communication 
within lessons by using traditional lecturer and then summarizing 
essential points through a series of questions and answers. This 
manner of teaching controls the content and topical coherence of the 
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lessons because student involvement is precluded. As an example of 
the degree of control the teacher exercises the following extract is 
offered. 



Leslie: 
C: 

Leslie: 
C: 

Harriet: 
C: 



Mright, photosynthesis has two reactions, the light reaction 
and the dark reaction. The light reaction can be broken up 
into two subunits. Can anybody name both of them? Both the 
subunits of the light reaction? Leslie? 

Cyclic photojiiosEiiorylation anc: 

|can you give it all together 
and a little louder so that other people canF 

Cyclic jSiotojiios- 
phorylation and non-cyclic photoj4ios0iorylation. 

Cyclic Eiiotophosphorylation and non-cyclic 
photoEdiosphorylation. Very briefly Harriet caii you tell us 
something about cyclic fiiotophosjdiorylation? 

Um/ it goes in a cycle. And ah, it does need light... 

It's light that goes around in a cycle. Light is required. 

What was the last part of . Phos^iorylation. Harriet, 

what do you mean by jiiosphorylation? 



Harriet: It's adding ^losjiiates. 



C: 

Harriet: 
C: 

Harriet: 
C: 



It's adding phosphates. What normally is going to receive 
the phosphate? 

ADP. 

ADP. What's the product? 
ATP. 

ATP. aK. can you go over it now, all the statements that 
you've said so far? 



The lesson begins with teacher "C" focusing attention on 
characteristics of the light reaction. The characteristics were the 
body of the previous lesson and in this instance they also serve as a 
bridge to the present lesson. The structure of the teacher's 
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questions and replies illustrate a technique that serves at least 
three functions. One function is to check whether stuctents paid 
attention to official lessons in previous classes. This is seen in 
the questions that are posed and the manner in which students' replies 
are assessed, i^pparently the official lesson of the previous class 
was the presentation of light reaction characteristics because the 
questions stress definitions of cyclic and non-cyclic 
photophosphorylation. The questions are considered common knowledge 
by the teacher because they repeat what the students received in class 
the previous day. Sy making this assumption the questions serve as a 
check on students' participation. A second function is to maintain 
control of the lesson. This is accompli.shed by the teacher initiating 
a questioning sequence which determines the points that are discussed. 
The reverse situation, where a student initiates a question, is 
usually not allowed by the structure. If the teacher encourages 
students' questions he loses the initiative and since such questions 
are unpredictable the content of the lesson becomes unpredictable. 
With student-initiated questions the teacher is obliged to acknowledge 
and respond but he no longer controls the discussion. Without lesson 
control the teacher cannot fully determine lesson content. A third 
function is closely related to maintaining control of the lesson's 
content. By maintaining lesson control the direction cf the lesson is 
determined, in the previous example the teacher maintained lesson 
control and he was able to direct the lesson to characteristics of the 
dark reaction. 

The teacher's influence over the communication process has 
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the atmosphere to speed upr right? Very good. What else 
happens? — ^? 

Student: It hits the earth once it gets to it. 

Ds Some of it actually hits the earth, instead of being diffused 

in the atrriosjiiere and begins to do something to the molecules 
of the landr the water. It speeds them ^^ip. What e?,se 
happens to that energy? It*s absorbed? Is that what ym^u 
said? 

Student: It's used by the plants. 

In this typical exchange of questions and answers the te^^-cher 
manages both the formation o£ tiie question and tiie elaboratica of the 
student's response. Notice the teacher's original question, "what 
happens to the energy that hits the earth?", was not directly answered 
by Terry. As a result of Terry not providing a totally ^propriate 
answer, the teacher's reply incorporates useable elements arid then 
elaborates and modifies the response so that information is presented 
to the class. During the first validation discussion the teach^ir 
indicated this series of questions and answers is a portion of a 
I '>^v}ical r^equence in which students are led from one conclusion to 
another. The teacher stated because the appropriate aiisvrer V7as not 
provided the sequence was broken and the students did not establish 
the logic associated with the conclusion. With the breaking of the 
sequence the teacher incorporated useable elements of Tterry's answer 
in the next reply, expanded on those elements and continued wit'i the 
lesson^ This exchange of questions and answers illustrates how and 
why the teacher controls classroom communication. 

Control of communication is possible because of the structure 
that is used. The teacher formulates the qi:^estions and then assesses 
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and modifies stadent responses. A structure of this type 
autocratically reserves every other speaking turn for the teacher. 
1.h.t:ough the use of such a structure the teacher not only determines 
when a student speaks but by managing students' replies^ the teacher 
dete^ * -^s tiit topic and direction of the discussion. 

Tiie use of question and answer sequencer, as well as lecture- 
discussionsr controls communication on a number of levels. On the 
first level r communication is controlled when a lecture-discussion 
mode is adopted because the teacher assumes a role of transmitter of 
information. During the lecture phase students fill a role as 
receivers of information and any input on their part is automatically 
precluded because of the teaching mode. The manner of teaching 
presents the teacher ffs an expert who is passing information to 
students. On a second level, communication is also controlled by the 
teacher's comments because they provide boun.daries for student input. 
When a teacher provides such limits one message that is conveyed is a 
discussion must fit the teacher's frame of reference of what is 
suitable. Consequently/ students adjust their conception of biology 
and biological knowledge so that it is more closely aligned with the 
teacher's system of meaning* On a third level/ the managing of 
questions and ansv/ers determ^ijies both the topic and the path of the 
discussion. It is concluded that students perceive biological 
knowledge as an object which is presented to them. Although the 
foregoing discussion demonstrates how a teacher is capable of 
controlling the cor^nunication process when a lecture format is 
adopted/ teacher "D" also ^oser a discussion technique with the 
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students. During the discussions students are allowed input and they 
may jperceive themselves as occasionally contributing to the lessons. 

Despite the teacher occasionally using a discussion technique tlie 
researcher perceived the teacher presenting the lesson material as a 
body of specific information. The information that is presented 
appears to be thought of as concepts which explain observed 
relationships and biological information which consists of verified 
experimental results. The connection between such information and 
concepts is that explanatory principles are developed to account for 
perceiveci eolations among verified experimental results. A perception 
of tMr; nature indicates that the teacher presents biological 
information as existing in nature and man uncovers this information by 
performing experiments. To illustrate this point the following 
excerpt from a lecture on thermodynamics is offered. 

D: When we're playing around with energy transformations we 

have a bunch of pieces to a jig'-saw puzzle, but we're missing 
some of the pieces. I know when I turn out my jig-saw puzzle 
it gets very frustrating when you can't find all the 
pieces. Because there is that beautiful picture but it's 
missing something right? And you get frustrated. And 
that's sort of the way you might feel about this unit at 
times. That some of the pieces aren't there and I'm sorry 
I can't give them to you because we haven't found them 
yet. But I very much think there are all the laws to let 
us understand this available if v;e can just find tiiom. ... 

The statement, "But I very much think there are all the laws to 
let us understand this available if we can just find them." suggests 
an image that man's knowledge of natural events is separate from 
himself. Contained within the statement is the idea that nature 
follows pre-^et laws and if man is sufficiently clever at applying the 
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scientific method he discovers biological information and principles 
which explain relationships among this information. 

" — The third guiding question also examines the relationship between 
the prevalent mode of teaching and the manner in which student- 
initiated questions are handled. The transcripts reveal that students 
frequently raised questions about specific points as well as asking 
true questions. A distinction that is made between the two types of 
questions is that in the first case the questions were designed to 
obtain specific information from the teacher. Utie second type of 
question/ or the true question^ reflects a knowledge of not knowing 
(Gadamer/ 1975/ p. 325). Students pose true questions T<fhen they want 
to gain an understanding of some aspect of biology. The following two 
excerpts illustrate the two types of student-initiated questions. The 
first excerpt begins with the teacher recjuesting questions after he 
presented a lecture on chlorophyll structure. 

D: Ai^ questions about the factory? This is a little more 

detailed than what you saw in the film-strip. Are there any 
questions about the pathways? 

Student: What did you say about the pathways? 

D: We said the enzymes appear to be arranged in specific 

pathways. O.K.? That's all I'm going to say right now. 
We're going to look at... In order for a series of reactions 
to occur/ then perhaps like an assembly line there needs to 
be a worker at each place ii: the assembly line ... 

In this case/ the student's question is one that clarifies a previous 
point and the purpose is to gain specific information for possible 
examination questions. Of the student-initiated questions this tyipe 
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is most frequent/ but occasionally a student posed a true qn^r^^'-ion 
In the second excerpt the teacher was lecturing on absorpti ^ light 
by various pigments when ^ student asked: 

Sam: iu^ do vc; have any information that says maybe plants 

throughout their existence have become more adapted to these 
different colours? 

D: Ah/ getting into the realm of evolution and getting into the 

realm of theor and hypothetical explanations. Possibly. 
The answer is of course possibly/ Sam. ... 

Sam's question was spontaneous and not related to a potential 
examination question. It is generally related to the topic of light- 
absorption by plant pigments but it reflects a genuine desire to know. 
By posing such a question Sam has taken the initiative/ and as a 
result momentarily causes the teacher's lecture to go in a different 
direction. Since Sam was genuinely seeking information/ his display 
of ignorance lost him the initiative. The teacher provided a response 
which regained ^ ^^on control and it was used to continue the lecture 
on plant pigments. 

A comparison of the two types of student-^initiated questions 
reveals the teacher frequently requested questions. Students usually 
responded by asking questions dealing with details of biological 
concepts and how the details related to possible examination 
questions. For these student-initiated questions the teacher provided 
specific information that included hints for the up-coming 
examination, in contrast/ the true student-initiated questions were 
posed less frequently and the teacher's responses v/ere general. The 
wording of such responses suggested true questions were not valued. 
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For exampler the teacher's response, "Ahf getting into the realm of 
evolution and Si:^i:;ting into the realm of theory and hypothetical 
e'^^tplanations. Possibly. The answer is of courser possibly, Sam." 
suggested to the researcher that questions that are not directly 
related to the topic or those that do not have an equivocal answer are 
not encouraged. The teacher indicated that an interpretation of this 
nature was incorrect. As a teacher, he values student questions and 
responses and actively encourages them. The teacher stated that his 
response reveals his attitude toward evolution. Hhe concepts of 
evolution are contrary to his religious beliefs and the statement 
reflects a personal bias. 

The previous section indicates student-initiated questioiis are 
encouraged but they should be of a specific nature* Questions that 
are encouraged are those directly related to the lesson topic Tht>se 
questions reinforced particular details that had been taught and 
provided hints for future examinations. A meaning that can be 
attributed to these observations is that the D ar; vlng style encourages 
particular questions which help present rspecrix'^ ::.uolociad. 
information. The teacher maintains he cn].y discourages student- 
initiated questions in areas where he does not feel comfortable 
because of a personcl ■ '^s. i^parently he states his biases about the 
curriculum areas of evolution and reproduction. Teacher ""D" perceives 
biology as a discipline which is neutral and value^free and the 
stating of his biases is viewed as a method of maintaining objectivity 
in the presentation of losson content. 
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2. Subject perspective 

(a) What, accorcJing to the teacher's def initionf constitutes 
biology as an area of study? 

The first guiding question of this section examines hov/ the 
teacher views biology as an area of study. In this analysis the 
teacher's subject perspective is interpreted to be the prevalent view 
of school biology that provides a focus for the material presented. 
The transcripts reveal a systematic arrangement of the subject 
content. The organization of the material is based on the theme that 
principles of energy transforraations are basic to organisms and an 
effective way to understand these principles is to examine specific 
biochemical details of jAiotosynthesis. Apparently, the teacher 
assumes knowledge of photosynthetic processes permits students to 
perceive the significance of generalized biological concepts. The 
primary arrangement of the subject content involves an introduction to 
the principles of energy transformation. An important of the 

teacher^s view of energy transformations, as fundamental biological 
principles, is how energy relations link organisms. BesiJes teaching 
the commonalities of energy relations among organisms, the teacher 
also introduces the idea that the living condition is special and 
biology is incapable of explaiiung it. The introduction of special 
attributes of life suggests a separation of life and biology. The 
separation presents the idea that biology is a study which describes 
natural characteristics of life. The separation also attempts to 
develop causal explanations of perceived relationships among those 
characteristics. During the first validation discussion the teacher 
revealed that after the experience of cooperating on the research 

EKfc 185 



project he now tries to focus on the descriptive aspect of biology and 
decreases the empJiasis that he places on the special attributes of 
life. 



The following excerpt/ taken from the researcher's discussion 
with the teacherr is offered to demonstrate the teacher's conception 
of biology as it relates to life being a special condition. 



B: O.K./ so maybe I'll start in on some questions as I did with 

some of the students* And, ah one of the things I'd like to 
know is what do you consider to be biological knov?ledge. A 
nice easy question to start. 

D: A nice easy question. Well, um any concept or fact/ or 

information that pertcdns to living things would be 
considered to be biology. And I'll follow the definition of 
life. 

B: O.K./ now is that knowledge/ whatever you're putting in 

there/ is that a construction of man or is it a reflection of 
what we fmd in nature? 

Ds Well/ since I don^t believe that science has been able to 

determine what life is, the actual entity, our study of 
biology is focusing on the structures we call living and so 
all our facts and information simply revolve around/ does a 
living thing, quote, live? And what makes it living, in terms 
of what it (toes. And we try to understand the functions of 
the parts and structures of that living thing but I don't 
think that knowledge really gets at what , at what you know, 
J.ife really is. And I don't know that science can, as it 
is. I guess this is a little bit of my own philosophy in 
terms of ny religious background. 



C3n the basis of these observations the teacher's view of biology 
is a subject that is limited to description. The comment/ "I don't 

J< tiia^; knowledge really gets at what/ at what/ you know/ life 
really is*" irdi',ates the essence of the living condition is beyond 
biology. 'As a result biology becomes a science of description. 
Later in the discussion the teacher was asked if he thought that 
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biology was capable of going beyond description and he replied because 
of his religious belief it would only occur in the afterlife. 
Conunents of this nature indicate the teacher's subject perspective is 
influenced by theological considerations. It is expected tiiat such 
considerations play a role in the rationale that governs the 
presentation of biological knowledge. 

(b) what is the rationale for the teacher's knowledge? 

The previously observed theological considerations appear as a 
fundamental premise on which the teacher's view of biology is based. 
Biology is conceived as a descriptive science and it is on this basis 
the teacher develops a rationale which governs the presentation of 
lesson material. ObseLvations related to the rationale lead to the 
inference that the teacher coirMnes learning theories with philosoply 
of science for the presentation of biological knowledge. Given the 
premise that biology is only capable of describing natural phenomena^ 
the teacher's philosophy of science is empirically based. This term 
refers to the idea that reliable inferences are the result of the 
scientific method which is based on observations, controlled 
experiments and inductive arginnents (Radnitzky and Andersson, 1978, p. 
23). The teacher gives the impression the natural world is knowable 
through the scientific method and verif iec% experimental results are a 
close reflection of what exists. Since the teacher's view of biology 
is empirically based, it is expected classroom lessons reflect this 
view. In a discussion with the teacher about the scientific method he 
stated "Um it was good. It was a good method.", but he feels that its 
structured nature limits creativity?'. In his words, "... If you do it 
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[biological research] according to the scientific method you have the 
least amount of subjectivity and the greatest amount of objectivity. 
But that takes out an important part of the project. ..." 

The teacher's belief that the scientific method yields certain 
knowledge is reflected throughout the transcripts. He states the 
positive point of the scientific method is "you either know or don't 
know at the end of the process if your knowledge is certain." The 
following three excerpts illustrate the idea that the scientific 
method yields incormation which is proven considered knowledge. 



D: ... OxygeHf (XK,? now that's fc^ically the general formula 

for photosynLhesis, right? It is a little more specific than 
that/ quite a bit more specific We haven't balanced it 
first of all r^jid we haven't added a onumber of things to this 
line here and we haven't talked about how we found cut this 
is in fact correct. ... 

D: aiCr part of the reason for showing this [photosynthesis 

equation] to you ah/ is that all those things I put on the 
blackboard are pieces of information that have been derived 
from experimentation. Just like virtually everything tliat we 
go through in this course is derived by experimentation. ... 

D: ... aK./ now/ how could you prove experimentally that in 

fact this is the way photosj^ithesis works? By t±at I mean 
water gets split. Yes, we have an example here but it isn't 
losing water and isn't using car^n dioxide and so there is 
always th^t shadow of doubt that if we try it in this 
situation it's different than it may be over there. How 
could you prove this? How could you test this? Judy? 

Judy: Um/ in chemistry we're doing something on the radioactive 
stuff. You could... 



The j^irases/ "how we found out this is in fact correct"/ "how could 
you prove experimentally that in fact Uiis is the nay photosynthesis 
works"/ and "all those things I put on the blackboard are pieces of 
information that have been derived from experimentation"/ convey a 
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message that the scientific method is a source of certain information 
which is interpreted as knowledge. 

(c) How is the teacher's view of high school biology reflected in 
the lesson material? 

The third guiding question of this section considers whether the 
teacher's view of biology influences the presentation of the subject 
matter. Examination of the transcripts reveals the teacher conceiving 
of biology as a method which describes factual observations of a real 
world. The teacher's introductory statements on energy transformation 
reveal this conception. 



D: ... There are some facts here that when we get into some 

biochemistry that vill prove to be a little more difficult 
for some than others. I'll present it in a much different 
fashion than the text, because I think I have an easier way 
to do it. So what I suggest to you then, if you're going to 
read the text through, just read the first part to give you 
some of the facts, dice you get into the reactions, which is 
nine point six, the dark reaction, — , nine point six and 
on... From there you might not read tiiat so much. Listen 
more carefully as to what we do in class. ... 



The predominant message in the introduction is; subsequent 
lessons deal with experimentally verified information and students 
expected to establish relationships among that information so that 
they are aware of the significance of generalized biological 
principles. Contained within this message is the idea that as 
biological knowledges accumulates biologists are able to develop causal 
explanations of basic principles. This idea is consistent with 
comments made by the teacher when he v^as asked, what is the purpose of 
biology? 
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D: More and more, you know, as we uncover more and more 

knowledge, or as we think about more and more things and 
experiment we can... In terms of where we're at as far as 
science is concerned I think that, you know, the, quote, 
discoveries, you know, have been men who have taken a look at 
those things around them and began to put one and one together 
to come up with two. And, quote, begin to understand some of 
these eternal truths. Now, until: yuu 'know the whole package 
you're not sure how -they interrelate with one another. So, 
you know, we talk about laws that exist. Yet as we learn new 
information and or, quote, discover new laws, we find we can 
overcome, supersede, halt in a particular situation, you 
know,... I used the example of gravity, that it always 
exists. That doesn't change, but the effects aren't always 
the same if you change the circumstances. 



The impression that is received is one of a teacher who is aware 
of the existence of basic, unchanging natural laws and he views the 
scientific process as a method which uncovers knowledge about these 
laws. An inference of this view is that nature is based on eternal 
truths and man is capable of partially revealing these truUis by 
applying the scientific method. The inference means sense experiences 
are reliabla and man's perception of natural 0aenomena closely 
reflects natural conditions. As a result of man accepting the 
existence of eternal truths that determine natural conditions, 
biological knowledge becomes sense experiences that are repeatedly 
verified. 



The teacher's view of school biology involves a supernatural 
force that accounts for basic principles and the study of these 
principles is the foundation of biology. Hii? view also includes the 
idea that empirical research uncovers pre--exi25ting information. A 
conception of th:ls type means biological knowledge is seen in an 
objective jnannor. With knowledge being objectified, man is pre£:ented 
as a tra;ismitter and receiver of such knowledge. 
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A synthesis of the analyses and interpretations of teacher ''A"r "C" 
and "D" 

1. Pedagogic perspective 

(a) Theme of subject itaterial 

Underlying the three teachers' themes is a basic idea that, energy 
transformations provide a link for living organisms. Although this 
concept is apparently understood by all three teachers r their lessons 
gradually move from this common starting point to where specific 
details of various biological processes are stressed. Teachers "A" 
and "D" stress detailed points of biochemical reactions in the process 
of photosynthesis. Their lessons involve flow-charts of oxidation- 
reduction reactions in which electron transfer pathways play a key 
role. In contrast teacher "C" addresses similar issues but he 
presents them through concepts of structure and function. Eis 
approach is less theoretical and less detailed. 

The major point to be raade in relation to the theme of the 
subject material is that the teachers apparently agree on the theme 
but they do not carry it through their lessons. Observations of the 
content of the lessons, the manner in which the content is presented 
as well as the teacher's conceptions of biological knowledge indicate 
they stress details at the expense of broad concepts. 

(b) Teaching modes 

The teaching modes of teacher "A'% "C"^ and "D" are described 
respectively as recitation, lecturing and lecture-discussior . In each 
case the teaching mode is in accord with the presentation of specific 
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details. Teacher "A" accomplishes the presentation of material 
through the posing of questions and handling students' replies. The 
essence of his instructional strategy consists of posing a question, 
accepting particular points xf a student's reply and then elaborating 
on these points so that new material is presented. Teachers "C" and 
"D" employ a version of a classical lecture. Teacher "C" makes a 
distinction betw^^en material vhich is considered important or testable 
and that which is interesting but not as important* Hi^ Titpnner of 
teaching is to present a formal lecture accompanied by notes for the 
material he considers important and then, adopting a casual question 
and answer format for the less important points. Teacher "D'" employs 
a lecture - discussion format in which details of biological processes 
are presented by lecture. Following the lecture a discussion takes 
place where teacher "D" c].arif ies points and attempts to determine if 
students are able to reproduce the material presented. 

With respect to this study, the importance of examining 
individual teaching modes is to look at how the teachers' conceptions 
of biology and biological knowledge are reflected by their individual 
styles. Tn each case the teaching mode presents the lesson material 
as a logical, coherent body of specific detailed knowledge that has 
gradually been discovered through the scientific method. That 
individual teachers employ a reconstructed logic of biology in their 
lesson presentations is a central element of the teaching modes. The 
first way a reconstructed logic is used is an individual biologist's 
work is presented as a series of stages which are joined by formal 
logic That is, a conclusion associated with the first stage is 



1,92 



logically linked to the second stage which is linked to the third 
stage and so on. The teachers then extend their reconstructed logic 
to the scientific enterprise as a whole. Hie w^ork of one biologist is 
presented as a foundation from which the next biologist logically 
develops his fact/ concept^ law/ theory/ experiment or whatever. An 
implication of this style of presentation is that biology is conceived 
as a process which leads to a coherent body of certain knowledge. 

(c) Control of communication 

By examining the degree of control individual teachers exercise 
over the communication process the teachers' perceptions of classroom 
social relations are revealed. Teacher "A" exercised the greatest 
amount of control over the communication process^ while teachers "C" 
and "D" occasionally allowed student input. It should be noted 
teachers "C" and "D" controlled tlie communication process for the 
presentation of material they considered important and they relaxed 
the process for interesting asides or unimportant points. It v^as 
' during the relaxed 0iases students were allowed input. 

When the communication process is examined the image of teachers 
and students that becomes apparent is one of experts and noviceso 
Whenever the teachers were presenting material they considered of 
value/ there was a distinction made in the roles of teachers and 
students. Teachers project the image of possessing knowledge and they 
are passing it to individuals who lack such knowledge. A student's 
role is to accept the knowledge and in teacher '"D'^s words, 
"internalize it." 
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In light of the teacher and student roles, knowledge is being 
objectified and treated as a commodity. It is as if biological 
knowledge exists in the natural world and part of being a teacher is 
accumulating an appropriate stockpile so that it may be passed to 
students. An image of this nature indicates knowledge is not created 
by xTian but it is discovered. An implication of viewing knowledge as 
an object is students may conceive of biology as a process in which 
certain knowledge is discovered. 

In the case of the three teachers the number of student-initiated 
questions varied widely. The number varied from a low of five 
student-initiated questions for the entire series of teacher "A"'s 
lessons to several per day for teacher "D". what was noticed about 
these questions? They belong to two broad categories. The categories 
are characterized as true questions and those aimed at clarifying a 
specific point about the lesson material. True questions are those 
questions that a student exhibits a knowledge of not knowing. This 
type was in the minority and it is interesting to exaniine the three 
teachers* approaches to them, with the students of teacher "A" there 
were no true questions observed during the seventeen class periods. 
Of the five student-initiated questions observed they dealt with 
future examination questions or points of clarification on the lesson 
material. Teacher"C" encouraged student questions but through 
communicative devices he indicated the points were not going to be 
tested; therefore, they were considered of less importance. Teacher 
"D" actively requested student questions and he provided detailed 
answers for questions closely related to lesson material, in the case 
of speculative questions teacher "D"*s responses were general and 
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through his commer^ts he tended to discourage divergent questions* 

Comparinc; the three teachers' responses to student-initiated 
questions illustrates that such questions are encouraged if there is a 
close match between the questions and what the teacher considers 
important* One meaning this may have for students is that their 
thoughts must be specifically related to the teacher defined topia 
This means speculation is discouraged while convergent thinking is 
encouraged. 

2. Subject perspective 

In the three analyses and interpretations the purpose of 
examining the subject perspective is to establish what each teacher 
assumes constitutes the subject as an area of study. Qice the subject 
perspective is established, the next step is to examine each teacher's 
rationale as to why particular biologicaJ. knowledge is presented. 
With the exposure of the subject perspectives additional questions are 
addressed that clarify the teachers* conceptions of biological 
knowledge. 

(a) Biology as an area of study 

Teacher "A" presents his conception of high school biology as 
colleccions of logically structured principles, it is a system of 
ideas concerning the natural world th^^t are discovered by empirical 
means. There is a sense in teacher "A'"s conception that historical 
developments are important to an understanding of the dircipline. 
Historical developments are involved in demonstrating the logical 
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nature of biology. According to teacher "A" it is possible to examine 
experiments and trace a path of logical thought within experiments as 
well as from one experiment to anothor. Associated with the logical 
nature of the discipline is a notion of gradual development. He 
presents biology as a study which gradually accumulates knowledge and 
becomes more and more complex. The presentation of major experiments 
casts biologists as individuals with special attributes. Teacher "A" 
projects a sense that biology is a formalized process which yields a 
specialized form of knowledge. 

In contrast, teacher "C" presents high school biology as a 
collection of informatijn statements that he transmit s to students. 
Teacher "C" accepts information from a variety of sources, determines 
what is of value in terms of educational goals, and then presents it 
to students. The basis on which the information is accepted as 
biological knowledge depends on whether the information has been 
experimentally varified. For teacher "C" scientific proof consists of 
repeated experimental verification through the application of 
controlled experiments;. 

mere is close agreement be* veen the teacher's conception of high 
school biology and the view presented in the provincially authorized 
textbook. The teacher employs a reconstructed logic that presents 
information contained in the textbook as if it is certain. 
Alternatives in the form of conflicting or discarded theories, 
anomalous results, misinterpretations or failed experiments are 
noticeably absent, whenever biological experiments are discussed, 
there is perfect agreement between the observations and results. 
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Inferences that are drawn include all available information thus 
leaving students with the impression that biology is exceptionally 
neat^ orderly and logical. Tfeacher "C" presents biology as a form of 
technology which follows a structured sequence. 

Teacher "D"'s conception of high school biology is one of a 
structured system which describes characteristics of nature. His view 
of biology includes the concept that the process identified as the 
scientific method is the way in which biological knowledge is 
discovered. According to teacher "D" there is a natural world which 
exists in reality. Man pc^.rceives characteristics of that real world 
and through the process of the ^^ciantif ic method establishes 
statements which are considered certain knowledge. His view of 
biological knowledge is a correspondence view but it is limited to 
describing characteristics of organisms. Teacher "D" has a strong 
religious belief which introduces the concept of a vital force to 
living organisms, and therefore, separates biology from the study of 
life. To him biology is concerned with describing observations whi7.e 
theology deals with the living condition. 

(b) .totionale for the presentation of biological knowledge 

Teacher "A"*s rationale for presenting particular knowledge 
appears to be related to his conception of biology as a systematized 
method of studying nature which results in a formalized body of 
biological knowledge. Teacher "A"*s sense of biology as a discipline 
is more inclusive than just being a method, unce biological 
information is considered knowledge, it then becomes part of the 
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discipline on which future knowledge is built. Part of the teacher's 
conception of biology is his view of the biological enterprise. The 
term biological enterprise is the system by which the stud^^ of biology 
is carried out. Teacher "A" conceives of the biological enterprise as 
an empirical process which closely follows the scientific method as 
identified in high school biology textbooks. The version of the 
scientific method teacher "A" referred to was an idealized version of 
the Baconian method. 

Teacher "A"'s conception of the biological enterprise is based in 
empirical beliefs in which reliable inferences are generated through 
direct observations and controlled experiments. The teacher indicated 
that a process of induction is used to arrive at the experimental 
conclusions. If the- conclusions are in agreement with the original 
observations and hypotheses the conclusions are considered reliable 
and therefore certain. 

The teacher's conception of biology as a logically structured 
system and body of knowledge is the rationale for presenting 
particular knowledge to students. The content of the teacher's 
lessons is organized along historical lines and in so doing a logic is 
illustrated within an individual's experiments as well as a 
developmental sequence from one biologist to another. A commonality 
that is found in teacher "A"'s description of biologists' experiments 
along with the gradual development of biological knowledge is the idea 
the scientific method was applied in each instance. Associated with 
the application of the scientif ic method is a belief that the 
resulting conclusions are considered reliable. There is an unstated 
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assumption that if the information is reliable it is considered 
certain and gradually it is conceived of as knowledge. 

Teacher "C"'s rationale appears to be in direct contrast to 
teacher "A"'s. Teacher "A" gave the researcher the impression he was 
conveying a discipline to the students while teacher "C"'s rationale 
appears to be related to educational reasons. Teacher "C"'s view of 
the world is -a form of realism in which the scientific method verifies 
a person's sense perceptions. His rationale for presenting partical,ar 
knowledge to students is a pragmatic one. Teacher "C" bolieves 
students require biological knowledge if they are to function in and 
understand the world. His conception of biological knowledge appears 
to be closely associated with information contained in the 
provincially authorized textbook. 

During t^e first validation discussion the researcher discussed 
with teacher "C" the three assumptions on which the analysis and 
interpretation was raade. Teacher "C" agreed with the assumptions but 
he identified additional factors that he feels influence his 
presentations of biological knowledge. The first factor, according to 
him/ is the course description as it is stipulated in the curriculum 
guide. The influence of the curriculum guid^ appears to operate on an 
legal and educational level. In terms of legality/ the teacher gave 
the impression he was legally bound by the provincially prescribed 
course description/ and thus he must teach all points contained in it. 
Although the teacher is apparently aware of the distinction between 
the curriculum guide (i.e./ suggciSted activities or the course 
description) and the course of study (i.e./ legal description) he left 
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the researcher with the impression that he must follow the course 
description contained in the curriculum guide* An implication of the 
legal factor is that teachers feel they must present as much material 
as possible in order that they satisfy a perceived requirement* In 
terms of an educational influence teacher "C" indicated the curriculum 
guide specifies the teaching of particular topics that a teacher may 
either lack expertise in or does not have an interest in teaching* 
Because such topics are included in the curriculum guide the teacher 
perceives ttiey must be taught and thus he is placed in a quandary. 
The quandary is that he perceives a legal requirement but he lacks the 
appropriate expertise or interest Zor the teaching of some topics* As 
a result the presentation of the subject matter is affected. The 
perceived legal responsibility forces the teacher to present the 
material he feels unprepared to present. One way the presentation of 
such material may be affected is the teacher relies on the textbook 
and thus students receive a narrow textbook interpretation of biology 
that reflects one conception of che subject* 

To summarize/ teacher "C"'s rationale for presenting particular 
biological knowledge appears to be directly linked to provincially 
prescribed requirements. He appears to conceive of his position as a 
dispenser of information. He collects the information related to the 
prescribed requirements and then transmits this to students without 
interpretation* This view of the teacher's rationale was reinforced 
when teacher "C" discussed ho;^^ he presents his lesson material so that 
it closely reflects the material of the authorized textbook* The 
teacher indicated he was not an expert in biology; therefore, he could 
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not question the content of a textbook nor the manner in which the 
information is presented. 

Teacher "D"'s theological considerations influence the material 
that he presents as biological knowledge. The teacher's religious 
beliefs introduce a vital force to living organisms and thus he 
perceives biology as a science of description. As mentioned in 
Chapter III the question of vitalism is usually considered of 
historical interest. Hein (1972, p. 160) argues that vitalism is a 
historic controversy that is meta-theoretical in nature. That is, 
meta-theoretical concepts involve fundamental commitments on the part 
of their supporters which do not depend upon scientific evidence for 
retention nor will they be shaken by contrary evidence. Hein contends 
vitalism is such a concept and the supporters' commitments are based 
upon primary attitudes or "political" orientations which may have 
psycho-sociological expJ.anation. she further argues these primary 
attitudes are not subject to rational justification. The supporters' 
attitudes determine what sort of justification is regarded as rational 
andf therefore, what sort of evidence is acceptable for the 
establishment of scientific conclusions. 

Teacher "D"*s conception of a vital force is in agreement with 
Hein*s position. The primary attitude of teacher "D" is that there is 
an essential dualism between life and matter and that he is mentally 
satisfied with the distinction. His comments that biology deals with 
"how" organisms work and theology deals with "why" they work 
demonstrate that ne has established such a dualism. With tlie 
establishment and acceptance of a fundamental dualism biology is 
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concerned with describing obser/ations of reality. Teacher "D" 
accepts biology as an empirical method which permits individuals to 
describe the natural world. In addition teacher "D" conceives the 
Baconian scientific method as the structure by which knowledge is 
produced. In his view proper application of the scientific method 
results in certain knowledge. Consequently teacher "D" presents 
detailed description of empirically derived information to students. 
Occasionally he mentions the unique or special attributes of life but 
the content of his lessons is mainly description. 

(c) Reflection of the teachers' conceptions of biology and biological 
knowledge in their lesson presentations 

Teacher "A"'s view of biology as an amalgamation of a body of 
knowledge plus a discipline is conveyed in his lessons. He transmits 
the impression that biology as a science is somehow larger and more 
encompassing them just knowledge and a method. Occasionally during 
the lessons he provides instances of conflicting theoretical 
information or alternate explanations that convey the message 
biological knowledge is tentative. He also indicates to students that 
the scientific method is the most reliable way of knowing the world 
but it is not the only way. To illustrate this point he occasionally 
refers to theology as an alternative method. Associated with teacher 
"A""s conception of the discipline of biology is the idea that it is 
in some way special. He presents biologists as individuals who have 
unique capabilities that are essential for understanding and 
appreciating many of the complex concepts involved in advancing the 
field. In this way he presents biology as a field that is open to 
selected individuals who deal with elitist knowledge. 
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Teacher "C"'s lectures suggest the idea that biology is a 
systematic^ logical process that results in knowledge which is 
applicable. There is ci pragmatic orientation to his philosophies of 
biology and education. He views biology as a way of gaining 
information about an individual's perceptions of reality and connects 
this Eiiilosophy of biology to an educational philosojiiy. In his view 
students live in the world; therefore^ they need to know basic 
biological principles to exist in that world* His educational 
philosophy appears to involve a theory of learning that if detailed 
information is presented in small coherent packages and relationships 
are pointed out^ students learn the appropriate fundamental principles. 

The information he presents is conceived as being neutral and 
value-free because it is the result of the objective scientific 
method* He perceives the biological enterprise in this light and as a 
consequence also attributes the same characteristics to biological 
knowledge. In effect^ he perceives knowledge as an end-product of a 
process which is free of man's influence. 

Teacher "D"'s conception of biology as previously mentioned is 
based on a strong religious belief. This belief influences his lesson 
presentations because he views biology as a method which describes the 
natural world. The teacher conceives of objective scientific 
knowledge existing in the world and biology as one way of uncovering 
part of this knowledge. 

Teacher "D'"s categorization of biology as a de:scriptive science 
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has implications for his presentation of biological knowledge* By 
conceiving of biology as a study that is separate from the life 
condition the teacher implies biological knowledge is achieved by 
carefully but passively perceiving and studying the concrete aspects 
of reality. Once a perception is obtained a verbal description is 
generated which corresponds to the perceptioa. The teacher is 
employing a correspondence theory of knowledge and by doing so he 
implies several things to the students. One, biology is a method that 
if skillfully applied uncovers biological knowledge. Two, biological 
knowledge exists as an object in the world. Three, a correspondence 
view of knowledge validly reflects reality. And four, biological 
knowledge is not influenced by factors such as the biological 
enterpriser culture or the individual biologist's interests. 

In summary r the analyses and interpretations of teachers "A", "C" 
and "D" demonstrate they present the subsection of nutrition in three 
different manners r but there are many commonalities to the conceptions 
of biology and biological knowledge that are presented. There is a 
recognition of the importance of teaching the basic biological 
principle of energy transformation but it soon is replaced with the 
teaching of specific detailed information. All three teachers employ 
teaching modes that control student involvement. Student involvement 
is either limited to clarifying instructional matters or asking 
inconsequential questions. Teachers who encourage student-initiated 
questions have developed methods of indicating to the remaining class 
members that such points are unimportant and they are not considered 
part of high school biological knowledge. 
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Ihe subject perspective that is presented by teachers "A"r "C" 
and "D" varies r but they tend to conceive of biology as a method which 
follows the scientific method and ultimately produces certain 
knowledge. The three teachers employ a reconstructed logic in their 
lesson presentations. The use of a reconstructed logic presents 
biology as a completely logical r well-ordered science that employs the 
Baconian scientific method. Consequently , the teachers remove doubt r 
conflict and the creative elements from the science and present it as 
a technical method. Associated with a technical view is a perspective 
of biological knowledge which reifies such knowledge and conceives it 
as gradually accumulating over the history of the science. By 
considering biological knowledge as an object, the teachers present 
the image of experts who transmit information of biologic-al 
discoveries to students. 

B. Student analyses and interpretations 

Introduction 

The transcripts of the students' informal discussions are 
examined for points that reveal their philosophical positions of 
biology and conceptions of biological knowledge. Of the original 
eighteen student volunteers, five chose not to provide a second 
validation of the researcher's interpretation of their conceptions. 
Hierefore, thirteen analyses and interpretations are included in 
Appendix G. The thirteen analyses are separated into three groups on 
the basis of perceived philosophies of biology. The first group has 
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seven analyses/ the second groupf three and the third groupr three. 

Upon examining the individual transcripts/ a commonality is 
observed about the students* conceptions of the discipline of biology. 
The commonality seems to be a focus on the biological enterprise or 
how biologists proceed in scientific inquiries. It is as if students 
conceive of biology as an activity. Usually the informal discussions 
centered on the technique or method employed in performing experiments 
but occasionally the domain and results were considered. Questions of 
value/ science and society interactions and the tentativeness of 
biological knowledge were discussed but they were infrequently 
mentioned fay the students. 

Since the transcripts include points concerning the biological 
enterprise/ the analyses and interpretations were based on this theme. 
In terms of the first group of seven analyses the philosopjiical 
position illustrated appears to be a modified version of the Baconian 
image of science. The second group consisting of three analyses/ 
reflects a modified positivistic view of biology. The three analyses 
in the last group share a conceptual change view (Waterman/ 1982/ p. 
12) of biology. 

Description of students* modified Baconian image of biology 

A description of a Baconian image of science was provided in 
Chapter III and the seven analyses in the first group employ a 
modified version of this image. The seven students* conceptions of 
the biological enterprise include a series of steps. For example: 
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(a) Olirough an open-minded search obtain data from all relevant 
sources; 

(b) Develop a hypothesis aimed at explaining the fiienomenon in 
question; 

(c) Develop a series of controlled experiments, suggested fcy the 
hypothesis, to test the l^pothesis; 

(d) Examine the experimental results to determine if they 
confirm or disconfirm the hypothesis* if the results 
disconfirm the hypothesis return to step (b), develop an 
alternate hypothesis and proceed with the method; 

(e) Results that confirm the hypothesis are considered facts and 
thus the hypothesis becomes a biological explanation; 

(f) A similar methodological approach [steps (a) to (e)l is used 
to test a biological explanation and repeated verification 
of the explanation results in the formation of a theory; 

(g) The method [steps (a) to (e)] is used to test a biological 
theory and upon verification the theory acquires the status 
of a law; 

(h) Once again the method [steps (a) to (e)] is used to test a 
biological law and upon verification the law is considered 
certain knowledge. 
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Olie philosophical foundation for this modified Baconian image is 
a combination of elements from empiricism and logical positivism. 
Empiricism contributes the idea that a world of physical objects 
exists and statements about these oL^jects are known to be true through 
sense experiences. The objects of the v;orld are known to exist 
independently of perception and the ji^ysical world is perceived pretty 
much as it is. Therefore, knowledge claims of it are justified. In 
addition to the empiricists' realistic view of the world there is an 
inference that observations, hypotheses, theories and laws must be 
subject to an experimental test in principle before they can be 
proposed as elements of science. Included in this inference is the 
idea that experimental verification of hypotheses and so on, results 
in reliable inferences which forms the basis of biological knowledge. 

to element of logical positivism that is included in the 
students* mou :.ed Baconian image is that the conceived method is 
rational. Implied within each step, as well as from one step to the 
next step, there is the principle of formal logic The means for 
determining acceptable evidence as verification of a hypothesis is 
usually a process of induction. The students also infer the use of 
deduction when they argue returning to the hypothesis stage when the 
results of crucial tests do not verify the original hypotheses. The 
implied use of the two forms of formal logic is contrary to Bacon's 
original experimental procedure (Blake £t al. 1966). Bacon conceived 
of the experimental method as proceeding without the use of hypotheses 
and without deduction, although in reality he used both hypotheses and 
deduction. The students also incorporate both hypotheses and 
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deduction in their method and tJiis is why their conceptions of biology- 
are considered a modified Baconian image* 

The students' view of the biological enterprise is clearly 
reflected in the analysis and interpretation of the informal 
discussions with Pat/ Lynda and Debbie. Hieir view is the biological 
enterprise consists of a series of steps that must be followed in a 
strict sequence in which no step is skipped. To them the structured 
system is based on formal logic and information derived from the 
system is both true and certain. Tony's comments indicate he includes 
the idea of objectivity in the biological enterprise. To him 
observations may be influenced by a person's judgement but within the 
biological enterprise there is a self-correcting mechanism which 
overcomes subjectivity or when subjective results are reported other 
biologists disregard them. There is an implicit faith being 
demonstrated by Tony with respect to biology being objective. The 
idea of objectivity is internally consistent with the idea the 
structured system yields true and certain knowledge. 

Both Pat and Susan's conceptions of biology reflect faith in the 
structured system. According to Susan the experimental procedure 
yields true information provided the procedure is carefully followed. 
To her anomalous results are recorded because of human error. She 
does not consider the possibility that the method may account for the 
anomalous results or that it may be incorrect. Susan's view of 
absolute faith in the structured system is an extreme position but 
similar views are reflected by the other six students. 
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In summary/ this seven students who project a modified Bacon image 
of science conceive the world in terms of a realistic view and they 
believe applying a logically structured scientific method results in 
true/ certain knowledge being uncovered* They demonstrate an implicit 
faith in their method providing each step is followed* 

Description of students* views of biological laiowledge who conceive 
biology in a modified Baconian image 

Associated with the students' conceptions of biology are 
particular views of biological knowledge. Hhe seven students who put 
forth a modified Baconian image of biology perceive information as 
existing in nature and by the application of their conception of the 
scientific method knowledge is discovered or revealed* 

Generally/ the group of seven students see biological knowledge as 
specific statements that describe observations of natural objects. 
They conceive of biological knowledge existing as an object in the 
world and the biological enterprise discovers such knowledge. 
Associated with this view is the idea that knowledge gradually 
accumulates^ This means the students are separating man from the 
world/ thereby viewing him an an interpreter of what exists. By 
viewing man as being separate from knowledge they do not perceive it 
as a creation that is influenced by culture. 

In discussing the reasons why the students conceive of biology 
and biological knowledge as they do several points become clear. For 
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example Pat stated the reason she conceived of the biological 
enterprise as a series of steps that result in certain knowledge is 
that her schrx^l experiences presented biology in that way. Pat 
indicates her view of the biological enterprise is strongly 
influenced by the confirmatory exercises she was required to perform 
during laboratory periods* In the case of Susan, Lynda and Jim they 
indicated their conceptions of biological knowledge are directly 
affected by what they are taught in biology class. Susan conceives of 
knowledge as discrete facts. When she was asked to provide an example 
of biological knowledge she stated "knowing the different blood types 
is knowledge", and "for me it came from Biology 20." Jim also 
conceives of biological knowledge as facts tb,at are taught in class. 
In his words, "alright, well from class I know what carbohydrates 
were, what proteins were and how they're used in your body. Like the 
human bocfy." Jim further indicated his ideas of science and 
scientific knowledge come mostly from teachers. When asked where his 
conceptions came from he stated "mostly from teachers, a lot of it 
from personal reading. I think the best one is the teachers, though." 
It should be pointed out that Jim was an exception to the other 
students in that he frequently read articles in scientific journals 
and made an effort to sc^ the weekly science column of the local 
newspaper. In addition he also frequently watched science programs on 
television. 

In conclusion, the seven students agree with a logical scientific 
method which, in their view, results in certain biological knowledge. 
Their conceptions of knowledge indicate biological knowledge is not 
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created by the human mind but it exists in the world. Their views 
tended to be absolute. That iSr they conceive the biological 
enterprise as a method which yields objactiver unchanging information 
that is true and certairu The informal discussions did not reveal a 
tentative conception of knowledge. Plso there was strong agreement 
that their views of biology and biological knowledge were the results 
of concepts taught in biology cla^S'.es as well as the manner in which 
the concepts were prea^snted. 

Description of stiidenbs^ modified positivistic image of biology 

The analyses and interpretations of Judy, Kathy and Lawson 
indicate they conceive of biology in a modified positivistic manner. 
Feibleman (1972, pp. 27-213) outlines a scientific method which is in 
close agreement with the students' conceptions. The students base 
their view on an experimental method but they are not as rigidly bound 
by the method as the seven students who exhibit a modified Bacon 
methodology. 

Feibleman indicates the following steps are involved in a 
modified positivistic approach: 

(a) Make observations of a specific aspect of nature; 

(b) Collate the data and propose a hypothesis, or 
generalization, by the process of induction; 

(c) Ttest the hypothesis by a series of crucial experiments to 
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obtain c3ata which either verifies the prediction of the 
hypothesis or shows the hypothesis to be incorrect; 

(d) Analyze the experimental data and accept or reject the 
liypothesis; 

(e) Develop a theory on the basis of verified hypotheses and 
observed facts; 

(f) By a process of deduction develop predictions and test the 
theory by a series of crucial experiments; 

(g) If the theory is repeatedly verified it can be tested as a 
law through prediction and control of a ^lenomena. That is, 
once a theory is verified predictions are made about 
controlling an aspect of nature and upon confirmation the 
theory is considered a law. 

Hhe E^iilosophical basis for the modified positivistic method is 
empiricism and logical positivism as previously described for a 
modified Baconian image. The essential differences between the two 
versions of the biological enterprise are found in the type of 
observations iiiitially made, the procedure followed when experimental 
results are not in agreement with the original hypothesis/ and an 
attitude involving the degree of certainty associated with the 
process. 
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The first difference between the two methods is the manner in 
which observations are made. Observations associated i/ith the 
modified positivistic method are directed at a specific aspect of 
nature, thereby indicating a problem or question is directing the 
method. Associated with the directing problem or question are goals r 
intents and purposes which immediately introduce a human element to 
this form of scientific method. The second difference is how 
hypotheses are handled when experimental results do not verify the 
original l^^thesis. With the modified positivistic method the 
hypothesis is rejected or modified when results do not support it. In 
the case of the modified Baconian version when a hypothesis is not 
verified a biologist returns to the starting point and develops a new 
hypothesis. Ohere is an indication the original hypothesis and 
experimental results are not "^ased as information for the formulation 
of the new hypothesis. Hhe^ also intimate verification is total. 
Such a degree of absolutism is lacking in the modified positivistic 
method. The third difference is the students* attitudes to the degree 
of certainty associated with the process. With the modified 
positivistic method the students are less demanding the method be 
followed in a step-by-step manner but they are also are less confident 
of the certainty of the knowledge that results. 

The three students who exhibit a modified positivistic method 
demonstrate the third point most clearly. In Lawson's case he 
recognizes that elements of subjectivity, intuition, and human error 
influence the biological enterprise but he maintains a faith in the 
ability of empiricism to yield biological knowledge. Kat±y's 
conception of biology is also strongly influenced by empiricism. She 
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incorporates intuition and interpretation into her conception and by 
so doing introduces tentativeness to biological knowledge. She is 
aware that introducing doubt to her conception of biology means the 
resulting knowledge is also questionable* At present her faith in the 
modified positivistic process is strong and therefore she accepts the 
ability of the system to yield valid and reliable knowledge. Judy's 
conception of biology is a method that results in applicable and non- 
applicable knowledge. Judy's conception of biology is a practical way 
to gain information so that problems are solved. She conceives 
scientific questions and hypotheses growing out of prespecif ied goals. 
Such goals are determined by societal problems. Judy holds the notion 
that biological knowledge is partially determined by the scientific 
community. She stated an element of consensus is involved in 
biologists accepting experimental results as knowledge. This is in 
direct contrast to the idea of the modified Baconian image where all 
verified experimental results are considered certain knowledge. 

Description of students* conceptions of knowledge who conceive biology 
in a iiodif ied positivistic manner 

The elements of a realistic view of the world are found in the 
three students* conceptions of biological knowledge. Tbey conceive 
biological knowledge to be the result of the modified positivistic 
method in which the reality of the natural world is reflected in 
experimental results. Typically, they conceive of knowledge as 
information about nature or ways such information is discovered. The 
information is discovered by a research method which includes 
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controlled experiments because it is necessary to verify an 
experimental result before it is considered knowledge. The three 
students perceive biological knowledge as gradually accumulating but 
they do not perceive it resulting in ultimate truth* 

In regards to influential factors in their conceptions of biology 
and biological knowledge the tliree students clearly identified lesson 
content and the manner in which the content was presented to them* In 
the second validation discussion Kathy stated "As students, from the 
beginning of grade school r we are conditioned to believe that 
textbooks and teachers taught material which is thought to be 
absolutely true." In the case of Lawson and Judy they identified the 
lesson content from a Biology 20 and a Grade 7 science class r 
respectively^ as influencing their conception of biology and 
biological knowledge. From these statements it can be seen students 
are presented with a view of biology which they accept as true because 
it is provided by teachers and textbooks. The students are 
conditioned to accept what is presented and not to question it. 

In summaryr the three students who conceive biology in a 
modified posit ivistic manner base their conceptions on aspects of 
empiricism and logical positivism. As such their conceptions of a 
biological method and biological knowledge are closely aligned with 
the students who adopt a modified Baconian image of science. The 
major difference in the modified posit ivistic view is the students are 
less rigid in a re^ irch method and they conceive knowledge as being 
more tentative. 
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Description of students' conceptual change image of biology 

Waterman (1982/ p.12) identifies a conceptual change theory of 
scientific knowledge began as an alternate conception of science in 
response to perceived difficulties in the empiricist/ logical 
positivist and Popperian falsif icationist philosophies. Waterman 
identifies Kuhn (1962)/ Lakatos (1970) and Toulmin (1972) as some of 
the major theorists in this area^ Besides these individuals Polanyi 
(1962) and Feyerabend (1975/ 1980) also contribute to the conceptual 
change theory. 

One of the major criticisms of empiricist/ logical positivist/ 
and f alsificationist theories of scientific knowledge is the 
ahistorical treatment of science and a disregard for the actual 
practice of scientists. Hie conceptual change theory attempts to 
overcome these difficulties by examining science in light of its 
historical record and presenting real -life activities of scientists. 

The view of the world included in the traditional theories of 
scientific knowledge is a form of realism. The theories present a 
correspondence view of knowledge and thereby argue the link between 
the world and the mind results in a source of truth. Tlie assumption 
of realism is that personal observation is a process of accurate 
perception of reality. Polanyi (1962/ pp. 105-120) uses examples of 
Rubin's ambiguous picture 'vase or faces'/ mimicry in insects/ as well 
as illusions to demonstrate hovj perception differs when an individual 
concentrates on the foreground or the background of an image. Polanyi 
suggests perception is not an accurate process by which the truth of 
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reality is revealed. Conceptual change theorists argue that 
perceptions of reality are context bounds That is, observations 
depend upon theories and experiences. 

A second major criticism of the traditional theories is the use 
of reconstructed logic as the rational method of science. Kuhn's 
(1962) work on sociological aspects of science, Toulmin's (1972) 
contention that rationality requires the substance of a discipline and 
Feyerabend's (1975/ 1980) position that science is nonrational and 
messy all developed from the idea that there are other aspects to the 
rational method of science. 

The concept of rationality in the conceptual change theor^ 
includes reasons for people changing their concepts. Kuhn (196 L 
suggests changes are revolutionary and individuals working within a 
paradigm tend to collectively question their beliefs and with a leap 
of faith replace their old beliefs with a new set of beliefs. Toulmin 
(1972) argues for a more evolutionary approach in which some beliefs 
are changed but others remain the same. Toulmin also suggests the 
change in beliefs occur rationally which is in contrast to Kuhn's 
position. Another element of the conceptual change theory is the way 
scientific progress is viewed. According to Lakatos (1970) progress 
involves the fruitfulness of a research program. If empirical content 
is expanding and new facts are anticipated, the research program is 
considered progressive. As such/ progress is conceptual change and 
development. 



Er|c 2 j 8 



204 

reality is revealed. Conceptual change theorists argue that 
perceptions of reality are context bouncS. That is, observations 
depend upon theories and experiences. 

A second major criticism of the traditional theories is the use 
of reconstructed logic as the rational method of science. Kuhn*s 
(1962) work on sociological aspects of science, Toulmin's (1972) 
contention that rationality requires the substance of a discipline and 
Feyerabend's (1975/ 1980) position that science is nonrational and 
messy all developed from the idea that there are other aspects to the 
rational method of science. 

The concept of rationality in the conceptual change theor^ 
includes reasons for people changing their concepts. Kuhn (1961 
suggests changes are revolutionary and individuals working within a 
paradigm tend to collectively question their beliefs and with a leap 
of faith replace their old beliefs with a new set of beliefs. Toulmin 
(1972) argues for a more evolutionary approach in which some beliefs 
are changed but others remain the same. Toulmin also suggests the 
change in beliefs occur rationally which is in contrast to Kuhn's 
position. Another element of the conceptual change theory is the way 
scientific progress is viewed. According to Lakatos (1970) progress 
involves the fruitfulness of a research program. If empirical content 
is expanding and new facts are anticipated, the research program is 
considered progressive. As such/ progress is conceptual change and 
development. 
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The major points of tlij conceptual change theory of scientific 
knowledge are summarized as follows: 

(a) Scientific knowledge is conceived as changing and evolving 
bodies of concepts and theories; 

(b) The state of a discipline and other components of 
rationality provide criteria for choosing among hypotheses/ 
theories and evidential claims; 

(c) Theories are generated and selected by components of 
rationality instead of being directly derived from deserved 
facts; 

(d) Observations are influenced by what is known. There is not 
a direct link between observations and knowledge. 

Three students, Allen, Joel and Paul demonstrate some aspects of 
the conceptual change view in their conceptions of biology and 
biological knowledge. The three individuals base their conceptions in 
empiricism but they introduce elements of human influence to the 
formation of knowledge. For example, Allen conceives the biological 
enterprise in terms of the scientific method but when hypotheses and 
theories are developed he indicates components of rationality other 
than formal logic are involved. To him, a biologist's judgement is a 
factor in theory formation as well as the acceptance or rejection of 
that theory. Joel also reflects the position put forth by Allen but 
Joel discusses it in terms of a biologist's creativity. To Joel the 
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methods used in biology are partly created by the biologist and partly 
dictated by the question being investigated. He does not perceive the 
biological enterprise as following a step by step method every time. 
Paul's conception of biology is the most extreme position adopted by 
the students involved in the study. He introduced subjective elements 
of hunches and feelings to the discipline and madlntained they were 
part of the scientific prcxress. He indicated the subjective elements 
are involved in. the formation of hypotheses r theories and knowledge. 
This point illustrates that Paul does not consider knowledge to be the 
sole product of verified experimental results. It appears his 
conception of biological knowledge is based on a common sense view of 
how individuals make sense of their world and function within it. He 
extends his common sense view to biologists and expects them to 
function in a similar manner. 

Description of students' conceptions of knowledge who conceive biology 
in a conceptual change manner 

Although the three students apparently share many of the 
attributes associated with a conceptual change image of science and 
scientific knowledge there is a tendency for them to conceive 
of biological knowledge as information verified by experiment. 
Despite their conceptions of biological knowledge being closely 
related to the previous two groups Paulr Allen and Joel indicate 
cultural, factors influence knowledge formation. Paul and Allen are 
also aware that the introduction of cultural factors automatically 
removes certainty from biological knowledge because interpretation 
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becomes a consideration. 

In terms of the three students' conceptions Paul and Joel 
identified influences within specific science classes that affected 
their views of biology and biological knowledge. In these classes 
alternate ways of knowing and different aspects of the development of 
the scientific enterprise were presented. Paul and Joel stated the 
lesson content presented under the topic of "the nature of science" 
made them view science in a different way. In Paul's case he also 
identified outside influences such as Zukov's (1979) Tt^e Dancing Wu Li 
Masters , his religious beliefs and a conscious effort to weigh as many 
sides of an issue as possible before making a decision. Allen was 
unable to specify factors that influenced his conceptions. 

In summaryr the three students who exhibit a conceptual change 
view of biology conceive the discipline to be a human endeavour. In 
additionr they view biological knowledge as reasonably stable but it 
is subject to change. Also they believe what is accepted as knowledge 
is subject to interpretations by biologists. 

An overall summary of the conceptions of the thirteen students 
indicates that the majority view biology and biological knowledge in a 
traditional manner. Biology as a discipline is conceived as a branch 
of science which employs a structured method to uncover facts of the 
natural world. It is further conceived that the knowledge revealed by 
the structured method is true, certain and it gradually accumulates. 
In contrast r three students incorporated elements of a theory that 
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indicates the biological enterprise is not as structured as formally 
suggested in science classes. The same three students also indicated 
biological knowledge is culturally influenced 
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CHaPlER V 



THE CMOLOGY OF BIOKX^ TEACHING 

Introduction 

Chapter V of the dissertation examines the ontological questions/ 
"What is it like to be a biology teacher?" and "What is it like to be 
a biology student?" Because the dissertation looks at the nature of 
teachers' and students* conceptions of epistemological aspects of 
biology and biological knowledge / this chapter examines the ontology 
of biology teaching from both teachers' and students' perspectives* 
The first section of this chapter deals with the teachers' 
perspectives while the second section deals with the students' 
perspectives. 

The 0iiloso0iical grounding 

Ontological questions are questions that deal with the nature of 
being and are grounded in existential jiienomenology (Rothe/ 1978/ p. 
28). This branch of 0iilosophy has several premises as its basis. A 
major premise of existential phenomenology is man searches for meaning 
of life/ mind and reality. Followers of this jiiilosophy maintain that 
as man is a conscious/ intentional being it is impossible for an 
observer to separate himself from the world. 
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*Ilie thought that man is both in the world and conscious of the 
world is reflected in Gadamer's (1975) concept of historicity and 
Schutz's (1962/ 1967/ 1970) analysis of the world of daily life. The 
importance of viewing man in this dual position is that a reciprocal 
influence exists between man and his world. Because man influences 
and is influenced by the world/ he gives meaning through his actions. 
In an attempt to study the question/ "What is the meaning of biology 
teaching?" teachers' and students' actions are examined. To assist 
answering the question individuals' actions are examined with respect 
to the four concepts of freedom/ choice/ practical reasoning and 
responsibility. Rothe (1978) suggests the four concepts lijik 
education and existential phejiomenology. 

1. Being a biology teacher 

The situation within which a biology teacher exists has a bearing 
on his conception of teaching and it illustrates Rothe's first concept 
of freedom. Conditions imposed by a situation influence a teacher's 
conception of individuals. For example/ one teacher described the 
school as being located in an "upper-middle class area with 
professional parents" and a student body which is characterized by "an 
above average I.Q." He stated "the guidance people insist the average 
I.Q, of the student body is equal that of first year university 
students." The teacher implies that his "academic teaching style" is 
a result of these socio-economic terms. To the teacher an academic 
teaching style is basically the presentation of information in which 
he "tries to get students to mentally make connections of three or 
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four items." Hie example illustrates situational influences and 
brings out the concept of freedom. The teacher feels his freedom to 
teach in a particular way is controlled by his colleagues' comments as 
well as his own perceptions of the situation. 

The second concept of choice is demonstrated in that teachers 
indicated they feel situational constraints on their freedom to select 
and present subject content. One teacher indicated his freedom to 
choose subject material was eliminated because the curriculum guide 
specifies what is to be taught as well as the amount of detail and the 
amount of time to be spent on particular concepts. Generally the 
teachers feel a moral and legal obligation to adhere to the course 
description provided in the curriculum guide. Ml three teachers 
mentioned "time constraints" when asked why they present certain 
concepts but not others. For example, one teacher justified not 
elaborating on a point by stating he was under a time constraint 
because there was an excessive amount of material in the curriculum 
guide to cover. 

The preceding points are contrasted by one teacher's comment 
"When I close that [classroom] door the system does not control me. I 
can teach almost anything I want and hardly no one can change that." 
The comment demonstrates part of being a biology teacher is perceiving 
situational constraints on academic freedom but maintaining a false 
independence. In one case a teacher accepted the situational and 
governmental constraints passively and viewed biology teaching as 
transmitting information according to the curriculum guide and 
authorized textbook. The second teacher was aware of academic freedom 



but judging by the content of his lessons he never exercised it* The 
third teacher was mainly concerned with situational constraints 
expressed by his colleagues and he adjusted his teaching style 
accordingly. 

The concepts of freedom and choice are related for the three 
teachers because each one's perception of being denied freedom means 
not being able to choose the biology curriculum. Instead the teachers 
conceive the curriculum as being imposed by an outside authority. Ihe 
major decisions become the order in which the lesson material is 
presented and the manner in which the content is presented. The 
concept of choice has been effectively reduced to an irrelevant level. 
Biology teachers recognize the lack of curriculum alternatives and 
they perceive their position in the organization as lacking decision 
making power. 

The insignificant decisions are justified by the teachers using 
Rothe's third concept of practical reasoning in which pragmatic, 
personal and situational motives pLay a dominant role. For example, 
the three teachers adopt different teaching modes, stress different 
subject content and two of them provide practical reasons for teaching 
biology as they do. During the first validation discussion one 
teacher stated he personally believes that biological knowledge is 
open to interpretation but he rationalizes his authoritative 
presentation of biological knowledge in terms of students' futures and 
his own personal career. The teacher rationalizes that students are 
competing for positions in post-secondary institutions and the work* 
force and the subject content needs to be as specific as possible so 
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that the students have the greatest opportunity to achieve high 
examination scores. In terms of his career r he indicated a teacher's 
ability is judged by administrators on the basis of efficiency and 
students* final examination results. Implicit within this statement 
is the thought that teaching ability is measured by students' grades. 
A further implication is that if a teacher has aspirations of 
promotion he teaches specific examination related details in such a 
way that students' grades are maximized. These implications are 
consistent with the manner in which the teacher presented his lessons 
thereby showing practical reasons influence educational decisions. 

A second teacher bases his conception of biology, teaching style 
and educational rationale in practical terms and removes the 
philosophical . element* In discussing the purpose of high school 
biology the teacher's statement "What I'm trying to do is present 
At the point when I'm presenting some fairly specific basic 
information, so that students will have some information to carry on." 
indicates he conceives of biology as a collection of factual 
information and his function is to transmit this information to 
students so that they are able to function within the world. The 
teacher reduces biology and biology teaching to practicalities. 
Within this reduction the teacher is implicitly rejecting philosophy 
of science as a discipline. The following excerpt from an informal 
discussion demonstrates his view of philosophy: 

Teacher: ... I don't know, I mean we're getting into a 

lot of philosophy of science. I avoid that. 

B: You avoid jAiilosojiiy of science? 
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Teacher: 



Ya, I avoid philosophy. Period. 



B: 



Why is that? 



Teacher: 



Because it is so uncertain. If everybody has 
their own approach ... 



The excerpt reveals a teacher who believes the philosophy of 
science clouds biological concepts and it is easier to understand such 
concepts if they are presented as information which is not open to 
interpretation. The teacher's lessais reflect a view of this nature 
because his lesson material is presented as absolute. To this teacher 
the practical reasons of ease of learning and the necessity of 
students being aware of specific biological information are justification 
for conceiving biology as a collection of information and viewing a 
biology teacher as a person who simply passes information to students. 

To summarizer practical reasoning enters a teacher's conception 
of what it is to be a biology teacher. In one case a teacher focused 
on personal reasons for his future career. A second teacher justified 
his choice of teaching mode and lesson content on educational grounds. 
The educational grounds included ease of learning and the necessity of 
students being aware of specific biological information. He views 
information presented in an absolute way as easier to learn and he 
also considers such facts beneficial to students. The third teacher 
justified his teaching mode through learning theories. He conceives 
his manner of presentation as assisting students to learn what is 
important. 

Rothe's fourth concept/ phenomenological responsibility, was not 
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exhibited by the three teachers. The three teachers presented 
rationalizations of time constraints when confronted with justifying 
the choice of material presented. One teacher indicated the 
curriculum guide is to be followed in detail thereby implying it is 
impossible to teach all sections adequately. The second teacher 
indicated his preferred manner of teaching and conception of 
biological knowledge is different from that which he presents but 
because of situational factors he adopts a manner which ensures his 
personal success. Uie third teacher also justified his biology 
teaching by arguing he cannot go against the educational system's 
practice of stressing information because the students' grades suffer. 
The rejection of responsibility has meaning for being a biology 
teacher. One meaning is that biology teaching does not involve making 
significant choices because their freedom is restricted and they 
perceive their organizational position to be powerless. A second 
meaning is that biology teachers assign educational responsibility to 
outside authorities. 

As a summary of "What is it like to be a biology teacher?", the 
three teachers present an image of a person who is controlled by 
outside forces. The description they project of a biology teacher is 
an individual who makes minor educational decisions amid a number of 
situational forces. The situational forces include a provincial 
authority which dictates curriculum content in excessive detail, an 
educational system which encourages the presentation of information 
for testing purposes, colleagues establishing expectatxciis of 
students' abilities, and personal ambitions. The image of a biology 
teacher that is presented by the three teachers is a person who 
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recognizes deficiencies in positions advocated by the situational 
forces but the individual biology teacher chooses not to act. Action 
is discounted because it is perceived to be at the expense of 
students/ therefore, the teacher accepts the position imposed by 
situational forces. Another aspect to this image is the passivity 
that is projected. A biology teacher is presented as an individual 
who does not react to outside forces; he merely accepts them and 
presents biological knowledge in way that satisfies the greatest 
number of outside forces. 

2. Being a biology student 

Although individuals conceive of themselves as independent the 
extent of their freedom is partially determined by their situation. 
The students who participated in the study were in highly structured 
situations/ in both an organizational as well as a physical sense. 
Organizationally the three teachers moved toward similar/ if not 
common/ objectives/ used identical materials and engaged in similar 
activities to achieve their goals. In the three classes the students' 
activities were organized around explicit/ unambiguous questions and 
in two of the classes confirmatory laboratory exercises were part of 
the teaching. Once again the laboratory exercises required students 
to answer specific/ detailed questions in which there was little room 
for interpretation. The lack of freedom is demonstrated in this 
description of a laboratory exercise that was followed by a series of 
questions and answers: 

The students were provided a worksheet describing a procedure to 
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illustrate stomata closing and opening, respectively^ when a wet mount 
of the lower epidermis of a geranium leaf was flooded with a 5% salt 
solution and distilled water. The worksheet instructed the students 
to develop hypotheses concerning the opening and closing of stomata 
under normal conditions. After the students made their observations a 
series of questions was posed by the teacher. The following excerpt 
illustrates typical explicit questions: 

A: So these are griard cells and that will be a stomate. That 

stomate is a hole that can change in size. How did you 
change its size? Debbie? 

Debbie: When we added the salt solution. 

A: You added salt solution* And what happened to the size of 

the hole? It shrunk. I don't know if I have a j^otograph of 
that or not. Let's see. Would that be the way it would 
appear after salt solution? [3 s p] 

Student: Maybe on the upper one. 

A: Maybe on the i5)per one. Not the one in the centre? 
Student: . 

The question and answer sequence continued until the teacher had 
presented an explanation of stomatal regulation. Toward the end of 
the class teacher "A" indicated there are other theories regarding 
this phenomenon and suggested that some observations are in 
disagreement with certain theories. The students were left with the 
impression that the major points of the explanation are known with 
certainty; it is only the mirute details that are in dispute. 

The following excerpt from a student's validation remarks 
illustrates her perception of the lack of freedom in high school 
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laboratory exercises: 



Pat: At the time of our discussion my biology background was not 
very extensive and in fact all experimentation in any high 
school level is done in a very orderly fashion. Students are 
simply required to carry out the steps that are provided by 
their teachers. I think at that time, I believed that 
experimentation was only done in this manner and conclusions 
were only in agreement or contrast to the hypothesis. 

On page (346 of i^jpendix G) you say that "any experimental 
results must be considered correct." This is proof of the 
experimental procedure I had been exposed to where the 
hypothesis/ observations and conclusions are already known 
and I had simply to perform the steps correctly. From my 
view the results of the experiments were always correct 
because they were given to me before my experimentation ever 
began. 



Her comments demonstrate that structured teaching modes and lesson 
content leave students with an image of biology in which hypotheses 
are clearly supported or rejected. Further/ observations result in 
data which are completely used in arriving at a conclusion. Students 
never encounter extraneous data. The image of biology Pat formed is 
one that is ideal. Biological experimentation is directly linked to 
empirical verification in which the standards of validation are not in 
doubt. A sense of certainty is being projected throughout the 
discipline. This includes empirical procedures and extends to what is 
considered biological knowledge. 



Student freedoms are removed by the organizational methods of 
teachers. As a result biology is conceived as a highly structured 
system dealing with empirical verification. The students are exposed 
to reconstructed versions of biology which become idealized. 
Associated with such an idealized version is a constant under^mphasis 
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of disagreements about methodology/ anomalous results, and other 
aspects of biologists' activities. Since students' freedoms are 
strongly controlled by situational factors, students within the three 
classes are denied choices. If being involves choosing and reasoning 
within a situation, students from the three classes are denied the 
opportunity of becoming biology students because their choices and 
freedoms are limited. 

There are students who are perceptive, in retrospect, to the 
amount of control exercised by teachers in classroom situations. This 
point is demonstrated in an extract from a student's letter concerning 
the validation of the 'interpretation of her conceptions: 

Kathy: As students, from the beginning of grade school, we are 
conditioned to believe that textbooks and teachers taught 
material which is thought to be absolutely true. My idea of 
a fact is defined through the theory that the idea must be 
scientifically proven through experimentation. 
Unfortunately, scientists are liable for the interpretation 
of the results of the experiments he performs. Therefore, 
the results may have different interpretations if the 
experiment is performed by other scientists. Facts would be 
considered to be true only if the results of an experiment 
are universal, performed by many people. 

Kathy's comment regarding conditioning is revealing because it 
alludes to an image of biology teachers moulding students' conceptions 
of biology and biological knowledge. During the informal discussion 
Kathy admitted she accepted biological knowledge as being valid 
because she did not consider doubt as an attribute of such knowledge. 
This means she accepted the material presented by teachers and 
textbooks as absolutely true and viewed biology as a method of 
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yielding certain knowledge. For this to happen^ Kathy was not 
presented an opportunity to make a choice concerning aspects of 
biology, it appears an idealized version was presented to Kathy 
resulting in a view of biological knowledge which is considered 
absolutely true. 



As practical reasoning is concerned with choice and action 
directed toward an intentional act (Eothe^ 197 8^ p. 3D it is apparent 
students' reasoning centres around learning specific information for 
examination purposes. The students' choices and actions are directed 
by teachers comments. For example^ students conclude that the 
important information consists of details to be memorized as a 
result of these teacher's comments: 



... I recommend strongly that that formula that you see there 
in front of you^ that you commit it to memory, you must know 
that formula because that formula tells you an awful lot of 
things ... 

... And I recommend strongly ... I'm not going over the 
structure of a leaf with you. I did one day very quickly. 
Make sure you know about the cuticle/ epidermis/ function of 
the epidermis/ palisade mesophyll/ spongy mesophyll/ that 
there's veins composed of x^lem and phloem tissue/ lower 
epidermis/ guard cells and stomata. Know the structure of a 
leaf. It's found on page 166 and there's a diagram there you 
should knew. [27 s p] ... 

Any questions about this [14 s p]. You think you could 
reproduce that [flow-chart] do you? ... 

... O.K. You should be able to reproduce that. O.K. Most/ 
of you remember back to when we just began the whole course/ 
I talked about beLng able, at the end of a day or at the end 
of a unit/ start with the general concept and from there work 
your way down. ... 



The teachers' comments influence students" perceptions of what is 
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considered important. Frequently students repeat the concern about 

lesson details for examination purposes as Dick's questions show: 

Dick: Ah/ two questions. Ah, one, would it help when we study for 

the test to draw out the diagrams to each other? And if 

we do ah/ is that the first question, a that's the first 
question. And if we do where would ATP and NAD come in on 
the dark reaction? 

Since practical reasoning constitutes the meanings an individual 
gives to his situation (Jehensen/ 1973) . it is apparent students 
associate being a biology student with learning specific information 
for examination purposes. Students leave the impression with an 
observer that they are only concerned with examination results. 

Eothe's fourth concept/ responsibility, includes an element of 
being accountable for the choices an individual makes. In being a 
biology student there is a shift from being accountable for choices, 
to being accountable to a biology teacher. The shift is related to 
the lack of freedom and choice available to students. When biology 
teachers control the organization of the biology curriculum students' 
responsibilities are reduced to satisfying teachers' expectations. 
Students are expected to enter the teacher's system of meaning. Those 
who are capable of adjusting their conceptions of biology and 
biological knowledge to be in close agreement with the teacher's 
conceptions are considered to have learned. Students who adjust their 
conceptions do so by accepting a biology student as an individual who 
is intellectually responsible to a biology teacher. The shift of 
responsibility from making choices to being accountable to another 
person shapes intellectually submissive, passive students. 
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The preceding chapter was an attempt to examine the ontological 
questions of "What is it like to be a biology teacher?" and "What is 
it like to be a biology student?" The first section of the chapter 
established being a biology teacher is strongly influenced by 
situational factors. Generally, being a biology teacher involves 
balancing outside forces with a personal educational philosojiiy but it 
appears outside forces tend to predominate in decision making. 

In summary/ being a biology student involves accepting a position 
in which you become intellectually dependent upon a teacher for your 
conceptions of biology and biological knowledge. Students, who are 
judged successful by biology teachers, are individuals who give up 
their freedom and ability to make intellectual choices. Being a 
biology student includes submitting intellectually so that the 
teacher's conceptual scheme is accepted without question. Students 
are not consciously aware of being intellectually dependent until 
questions are posed which causes them to reflect on their conceptions 
of biology and biological knowledge. A conditioning process operates 
within biology classes so that students perceive their purpose as 
learning particular points of a teacher's conceptions. 
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DISCaSSIQNr CQ^.^SJJSiaHS, RECXDMMENDflTICNSr SUGGESTIONS FOR FDTDRE 
HESEABCH AND FERSCXfKL KEFLBCTICNS 

Introduction 

In this ch^er the major findings of the study are discussed in 
relation to three thesis questions. Some educational implications of 
the study are followed by recommendations for future research. The 
chapter and dissertation close with a section including a general 



summaryr conclusions and personal reflections. 

What are the teachers' and students* conceptions of high school 
biology? 

Teachers 

With respect to establishing the teachers* conceptions of high 
school biology the study involved the processes of observing^ 
transcribing and interpreting classroom lessons as well as 
transcribing and interpreting individual informal discussions the 
researcher held with each teacher. The interpretations attempted to 
clarify individual teacher's conceptions of biology and biological 
knowledge. 




Tfeacher "A"'s conception of high school biology is based in a 
philosophy of realism in which there is a cJirect relationship between 
what is perceived and what is known* To teacher "A" biology is a 
logical/ structured process which examines questions arising from 
perceptions of the natural world* According to the teacher the 
process used in biological investigations is a Baconian one and the 
advantage is resulting knowledge is known with a high degree of 
confidence. Teacher "A" describes himself as a "Baconian" and he goes 
so far as to state that the five steps of the scientific method 
reflect his view of biology. 

Despite the teacher's own perception of his conception of 
biology/ observations made by the researcher indicate teacher "A" 
tends to conceive and present biology in a modified positivistic 
manner. For example/ teacher "A" does not advocate a non-directed 
collection of all data prior to beginning the experimental fiiase of a 
research project. He indicates a biologist*s observations are 
directed at specific aspects of nature. This demonstrates a 
particular perspective prior to the observation phase. Within such a 
perspective there is the idea that the selection of data is not 
arbitrary. The perspective permits the observations but it also 
conditions them. Teacher "A" argues for the tentativeness of 
knowledge derived from the scientific method. This point is counter 
to the Baconian image where confirmatory results are accepted as 
certain. Despite these subtle differences in teacher "A'"s conception 
his lesson presentations stress an idealized image of the discipline 
that is strictly logical/ the research aspect is subject to empirical 
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verification with no external influences/ and progress is a linear 
process of gradually adding to previous discoveries. Teacher "A"'s 
lessons convey an image of a discipline which deals with complex 
knowledge and individuals who choose to be involved in the discipline 
have special attributes. Teacher "A" presents biology as a 
prestigious endeavour. 

Teacher "C" bases his conception of high school biology firmly in 
empiricism* His view of biology is reconstructed from textbooks and 
confirmatory laboratory exercises performed during university courses. 
His perspective of the physical world closely matches Hospers (1967/ 
p. 494) description of naive realism. Teacher "C" maintains an 
individual's perceptions reflect the physical world and the use of 
controlled experiments results in knowledge which is certain. Within 
the teacher's realistic view is the idea that an individual's sense- 
impressions are caused by the physical things themselves. With this 
firm view of the physical world teacher "C" conceives of biology as an 
empirical process which reveals characteristics of nature. His 
conception of high school biology is viewed more from an educational 
perspective than from a scientific perspective. For teacher "C" an 
important aspect of biology education is the idea students require 
specific information to understand their world. To him, biological 
information is revealed by the scientific method and his function as a 
biology teacher is to pass such information to students. Teacher "C" 
accepts textbook information in an acritical manner and presents it as 
if it were certain. 
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Teacher "C's lessons present a consensus theory of biology. His 
lessons lack elements of "disagreements over methodology, goals and 
other elements that make up the paradigms of activity of scientists" 
(PigpLe, 1979, p.89). Th^ teacher's conception is limited to a 
reconstructed view in which attributes such as doubt/ intellectual 
conflict/ subjectivity and non-rationality do not play a part 
Teacher "C" presents biologists as passive observers who employ a 
totally objective/ logical method which allows them to deduce 
conclusions that are justified and thereby establish categorically 
true knowledge. 

Teacher "D"'s conception of high school biology is based in 
empiricism just as the other two teachers' conceptions are, but 
teacher "D"'s rationale rests on a religious foundation. He separates 
fundamental questions of the living condition from biology and assigns 
those questions to theology. By doing so, biology is conceived as a 
descriptive science which employs a modified positivistic method. To 
teacher "D" the scientific method is a process which results in 
knowledge that is known to be certain. 



Teacher "D"'s lessons leave the impression that a higher being is 
responsible for creating a series of unchanging natural laws and it is 
these laws that govern nature. This message infers that man is 
capable of describing attributes of nature by the application of the 
scientific method. In his conception of biology there is a strong 
sense of formal logic as he discusses the gradual movement from 
forming a hypothesis to the ultimate proof of that hypothesis. To him 
it is a necessary condition that each thought be logically connected 
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to each previous thought* It appears the logical connection is a form 
of deduction* The rationality of such a position is reflected in 
phrases such as, "what I try and do in the class is go through with 
the kids the logical thinking process to solve a problem", "we try to 
walk through the process", or "anybody want me to walk through is once 
more?" The image of biology that is created fcy such comments is one 
of structured linear thinking which implies biologists doing the 
original work also thought in this manner. This form of thought 
illustrates teacher "D" conceives of biology in terms of reconstructed 
logic and his lesson presentations reflect this view. Structured 
linear thinking guarantees certainty and allows the teacher to 
rationalize and make explicit many aspects of biology. If the teacher 
is able to present the perceived logical connections of a particular 
biological development he is assured of the outcome and thus he 
objectifies biology. A deficiency in this form of reasoning is that 
it makes biology product oriented and presents biology as technology. 
What is lacking in a technical view of biology is the human element. 
By ignoring the human aspect of the discipline the teacher presents a 
nineteenth century positivistic view of biology. 



Students 
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Modified Baconian image of biology 

Seven of the thirteen students are characterized fcy conceiving of 
biology in what is termed a modified Baconian image. These students 
strongly identify with the scientific method that is frequently 
recorded in biology textbooks. Their conceptions involve a rigidity 
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in terms of thought* They conceive biology as a branch of science 
which proceeds by a lock-step method that results in absolute 
certainty. They conceive biology as being completely rational. Their 
view includes an extreme standard of objectivity which arises from the 
students viewing biologists as passive, uninterested/ detached 
observers who have a deep commitment to accurately reporting their 
observations of nature. Associated with the objectivity of biologists 
is an implicit faith in the scientific method. The seven students 
project an image that any errors or anomalous results are due to human 
influence. The scientific method is seen as error free. 

Modified positivistic image of biology 

Three of the thirteen students exhibited what is termed a 
modified positivistic image of biology. The three students* 
conceptions are empirically based and a version of the scientific 
method is used to gain information about nature. Their conceptions 
are somewhat flexible in that the scientific method does not have to 
be rigidly followed and they also indicate the resulting information 
is not completely certain. Judy was one of the three students in this 
group and her conception was extreme in that she viewed biology from a 
technical perspective. To her, biology was a process of answering 
practical problems. The other two students / Kathy and Lawson, 
conceive human elements such as intuition/ subjectivity and human 
error are part of biology and biological knowledge but they tend to 
dismiss these elements as not having a strong influence on the 
discipline. 
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Conceptual change view of biology 

Three of the thirteen students' conceptions of biology are 
characterized by a conceptual change view of biology. The three 
students r Joelr Paul and Allen present conceptions of biology that 
involve empiricism but biological knowledge is seen as constantly 
changing and evolving. The three students include in their 
conceptions the idea that biology is a human endeavour. To them the 
formation of knowledge is influenced by humans. Joel incorporates 
teiitativeness and an element of judgement in his conception of the 
formation of biological knowledge. Paul and Mien also include 
subjective elements in their conceptions and suggest the biological 
enterprise is not necessarily the rational^ logical process that it is 
normally assumed to be. They suggest factors such ai vr;.:,;'csr 
economics r and intuition influence biology and thereby affect what is 
accepted as biological knowledge. 

In terms of a fiiilosophy of biologyr what are the teachers and 
students* conceptions of biology? 

The seven students who exhibited a modified Baconian image of 
science have taken elements from the Baconian and logical positivist 
^iiilosophical positions and melded them into a relatively consistent 
view of biology. The term "relatively consistent" is used because in 
discussing various points with students it becomes apparent they adopt 
a particular philosophical view of science for one issue but given 
another issue they adopt a different jiiilosophical view. For exampler 
Susan conceives of time flowing at a constant rate and not being 
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subject to human interpretation. To her, space extends evenly and the 
universe travels in one direction at a constant rate. With respect to 
time/ motion and space it appears that Susan conceives of the universe 
in mechanistic terms. Despite her mechanistic view of the universe 
she does not extend it to biological explanations. She tends to 
conceive such explanations in terms of biochemical relationships. 
Biere are no suggestions of overt mechanistic priiiciples in her 
explanations. Some authors (Gouldf 1984/ p. 84) argue reducing 
biological systems to biochemical and physical relationships indicates 
a mechanistic view and they would consider Susan to be a mechanist. 

Hie group of seven students adopted elements of the version of 
the Baconian image of science reported in biology textbooks. For 
example/ three Baconian elements appear to be central to their 
conceptions. One, it is necessary to employ an open-minded search of 
available information so that a hypothesis is developed. Two, if the 
experimental results disconfirm the hypothesis it is necessary for the 
biologist to return to the first step and develop an alternate 
hypothesis. Three/ if the experimental results confirm the hypothesis 
the results and hypothesis are known to be certain and they are 
considered biological knowledge. The logical empiricist view that 
observations are unquestionable facts about the reality of nature is 
included in the students* positions, in addition/ the students share 
the idea that formal logic describes how scientists reason with data, 
hypothesis and theories. There is a sense that the form of the 
argument is essential to conducting a scientific investigation. 
Consequently formal logic becomes the central instrument for making 
inferences and it is the standard for comparing hypotheses and 
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theories as well as establishing the truth of statements. 

The three teachers and the group of three students who conceive 
of biology in a modified positivistic manner appear to stress a 
logical positivist position. They present biology as strictly a 
logical process in which the search for certainty is a top priority. 
The most important task for a methodology is the establishment of true 
scientific propositions (Radnitzkyr 1981, p. 51). The establishment 
of truth is accomplished through verification. Frequently students 
suggest experience plays a positive role in verifying biological 
results. They implied, by an inductive argument, that the greater 
number of times a particular result is obtained, the greater evidence 
for considering the l^^thesis verified and the results as knowledge. 
The form of logic the teachers and si;udents advance for a methodology 
is induction. Hypotheses and theories are put forth and these are 
confirmed or denied by deductively derived crucial tests. Another 
feature the teachers and students include from the positivist 
philosoply is the idea of objectivity. They tend to conceive 
biologists as individuals who blank out their background and training 
so that observations are seen as objective. They further assume the 
methodology is objective, and any conclusions are rational and 
uninfluenced by biologists or nonrational procedures. Underlying the 
principle of objectivity^ is that with the accumulation of more and 
more knowledge biology comes closer to answering the questions of the 
field. Progress is seen in terms of a closer approximation of the 
discipline as an ideal science. 
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The three students who exhibit a conceptual change view of 
biology also incorporate some positivist attributes in their 
conceptions. Although there is an overlap the students are 
philosophically consistent in their answers* For example/ the three 
students do not conceive biological knowledge as completely stable and 
unchanging. They tend to view biological knowledge as a collection of 
information that is established by the scientific method but they 
indicate with future biological developments the information will 
change. A second feature of their conceptions is that formal logic is 
not the only criterion for determining the validity of results and 
establishing connections between hypotheses and theories. The 
students include criteria of the state of the discipline/ societal 
factors/ logic and other components of rationality in their 
conceptions. A third feature is observations are not necessarily 
accurate. This means current knowledge may be based on fallacies. A 
fourth feature is the manner in which hypotheses/ theories/ and laws 
are developed and accepted. Their conceptions suggest various 
methodological components are influenced by various constraints and 
they are not necessarily induced from observations. 

What are the teachers and students' conceptions of biological 
knowledge? 

The seven students who illustrate a modified Baconian image of 
biology tend to conceive biological knowledge as information that is 
verified by the scientific method. Once such information is 
established it does not change and biological knowledge gradually 
accumulates. The concept of knowledge formation and certainty are 
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Fropos' Ki: questions for informal discussions with students 



The £ vllowing set of questions is based on the subconcept of 
photosynthesis which is part of the nutrition section of the Biology 
30 curriculuin "'-^ que tions are meant as examples of the type which 
will be pose le students. The subject matter of the questions 

(i.e., E^otosynthesis) will be determined by the material that is 
being taught but the content (i.e., nature of science) will be similar 
to the examples. 

(1) How do you perceive the presentation of photosynthesis? In 
other words, how do you think of the topic of 
jdiotosynthesis? is it a collection of information, an idea, 
or a theory? 



(2) Today in class you lec^med that photosynthesis occurs in 
organisms thc^t produce chlorophyll, where did that 
information come from? 

Is it possible that information is incorrect? 

How do scientists judge if it is incorrect? 

If it is incorrect, how do they go about changing the 
information? 

How do you judge if scientific information is correct? 
Do the labs help you make that decision? If so, how? 

(3) When van Helmont perf orrned his experiment on the willow 
tree, wiat was he hoping to discover: 

What do you think in-'ide him do that experiment? 

Where did he get his origir^.^l idea f ran? 

Do you think van Helmont wanted to add more detailed 
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infotmation to science? If so^ why? 



Today we have more information about photosynthesis than the 
e^-iriy scientists did. Are we closer to the truth than van 
Helinont was? 



What is your reason for saying that? 

Can you give me examples of things that have happened in 
your science classes over the years that make you believe 
that? 

Have your science textbooks influenced your idea about 
scientific truth? If sor how? 



In 1801 Englemann performed a series of experiments in which 
he worker :>n the two l^^s of pigments that are most 
effective in absorbing energy in jiiotosynthesis. what do 
you think was the first thing he did in his series of 
experiiaents? How did he go about setting up his 
experiments? 



Do scientific experiments follow a step by step procedure? 
If yeS/ }ffh^ do you say that? 

Did Englemann create a theory of chlorophyll a and b or did 
he disco^/er a theory? 
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Observation Sheet 

-The classroom/lab 



1^ Main features? 

2. Windows: 

3* Blackboards: 

4. Tackboards: 

5. AV equipment: 

6. Special equipment: 

7. Shelves and capooardsz 

8. Wall charts: 

9. Posters: 

10. Desks: 

11. Clippings: 

12. Other: 
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Teaching strateoieB 



1. Tef/.cher activity ^ 



2. Student activity: 



3o Use of the nature of science: 



4. Coimients on science: 



5. Comments on students: 



6. Coniments on teaching: 



7. Comments on society: 



8. General comments: 
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APPENDIX C 

SAMPLES OF QUESTIONS SUGGESTED BY THE PHILOSOPHY 
AND IHE SOCIOLOGY OF BIOLOGY 



1. What picture of the universe has science given you? 

2. Your idea of the solar system appears to be .... where was the 
earth yesterc3ay? Where will it be tomorrow? How do you know 
that? 

3. Is science coming closer and closer to a better representation of 
reality? 

4. Do biology textbooks misrepresent the history of biology? 

5. Is it possible that connections between scientific statements are 
illogical? 

6. To theories arise from facts? \ 

7. Does biology obey the laws of formal logic? 

8. Is biology dogmatic? 

9. Is the methodology of biology precise and concerned with exact 
measurement or is it "sloppy" and irrational? 

10. Doei^ biology run according to fixed , universal rules? 

11. Is the establishment. Z objective knowledge the ultimate goal of 
science? 

12. Do scientists abide by the norms of open-mindedness/ 
disinterestedness^ impartiality^ independence, etc or do they 
demonstrate the reverse of these characteristics when they 
operate in scientific circles? 

13. Does biology reflect a definite representation of reality? 

14. Does a theory have a different meaning for different groups of 
scientists? Or, is a theory the same for all scientists? 

15. Are there aspects of biological knowledge that are conclusively 
trua (proven)? 

16. Is there biological knowledge that is waiting to be discovered or 
is all knowledge a construction of rnan? 

17. What is the first step a biologist does wb^n he is preparing to 
study a phencr^snon? 

18. Eov^ --^ "biologists gain knowledge? 

19. Do biologists ^selectively collect data? 

20. Why do we stu^^^ biology? 

21. vitiBt does biological information allow us to do? 
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22. If an experiment cannot be repeated so that similar results are 
obtained can the data from the first experiment be counted as 
knowledge? 

23. After a biologist generates laws^ what is produced? 

24. Is the scientific method a pre-established set of rules? 

25. Is biological knowledge a creation of man? 

26. Is biological knowledge culturally influenced? 
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A TRflNSCRIETION OP LESSONS PRESENTED BY TEACHERS "A", "C", AND "D" 
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A lesson on gas exchange in plants as presented by teacher "A" 

I'll just review the format so you'll know what to expect. 
Ah, there'll be thirty multiple choice questions. And about 
seven short answer questions. By short answer I mean, uirir 
actually I guess in some cases short paragrafiis and a couple 
of sentences. The rest is explanations for things , 
descriptions of things r and be prepared to describe how 
something works r what something is like and then ah, 
descriptions of the, of the, describe either in structural 
terms or sometimes you have to deal with open structure and 
function terms. Distinguishing between terms is always an 
important kind of question. If you are given a pair of 
words, the way I like to mark that is, you should say 
something about both. There's one diagrani to label. You 
might be expected to make one on your own^ And ah, we 

touched on, there's one to label. This test open text 

book statement about cells and how they work as well as 
reference to lab exercises. We didn't do very many, we did 

the cells and we did have, ah, a demonstration of 

osmosis. We saw a film on the cell. Make a reference to 
that. And we did see a film on osmosis-diffusion. So 
check all the sources of information, the textbook, films, 
notes and I think you should do alright. Sort of know 
what's in there. I would suspect 'it would take most of the 
period. Would appreciate it if you'd come with ah, 
equipment to do the test, that means pen and pencil, you'll 
have to make a drawing, as well as a far amount of writing. 
Any questions about it? [5 s p] Very good. 

So we'll break from our treatment of autotrophic nutrition 
then tomorrow and just focus on cells and basic cell 
processes. Now, on Friday we spent the whole period sort of 
practicing, or working at this notion of how do you 
formulate a tentative explanation once you have seen, 
observed, some aspect of nature. Ah, that got pretty 
tedious going towards t±e end. Ah, you seemed pretty 
enthused toward the beginning and you like to play with 
ideas and try out your ideas for a half hour or so and then 
it does get heavy. Now today I'll take another approach and 
more or less describe to you what I'd like you to work 
through. That is I will, more or less lecture or dictate 
and expect you to try and keep up in this way. Ah, we're 
still on t±e topic of procurement and we were focusing on 
how the plant gets carbon dioxide by way of these breathing 
pores. Just to finish that off. Before, not only the leaves 
were getting carboii dioxide, they're also used for other 
purposes. That is, breathing in the case of a plant, like 
us^ is a two w^ process. It isn't just an intake process, 
things also leave the leaves by these pores. This structure 
serves, then we might say, for gas exchange, not just gas 
acquisition. And if we describe i*: according to our day and 
night situation we're over simplifying. We say that during 
the daytirae when there is light the stomates are open^ then 



285 



272 



we have primarily carbon cJioxide coming in, and oxygen 
escaping, as well as water vapour. For these gases to come 
out and tlie gas carbon dioxide to go in there must be a 
diffusion gradient* What do we mean by a diffusion 
gradient? Or a grade, period? If we're talkin* about 
highway construction. Have you travelled in B.C*? Have you 
ever noticed the signs that tell you what the grade is? 
particularly in trucking country. You haven't noticed, eh? 
In some places they post along the highway a sign saying 5% 
grade, or 6% grade. You haven't seen that? O.K., well if 
you did see a sign like that^ that said 5% grade would you 
expect they're rating some student? Mike? 



Mike: No. 

A: No. What are they probably doin'? 

Student: No. Grading the earth I guess. 

A: What would you interpret it to be if you were driving. 

Would you expect? What kind of road would you expect? 

Mike: Um. 

A: Flat? 

Mike: Ya. 

A: You would. If you saw a sign, grade 6% what would you 

probably do? aK. what would you expect? 

Student: An angle « 

A: Angle. An angle what do you mean? Up like this or down 

like this? 

Student: Down. 

A: Down, ya. You'd expect to be going downhill. And the grade 



percentage would sort of indicate how steep, I suppose. For 
a very steep grade, truckers need to be warned* It's kind 
of dangerous. Have you seen those escape routes that go up 
along side the highway? In case their brakes faiJ/J 
Alright. Well, we're saying a grade simply means there is a 
difference between beginning and ending points, I guess. 
Ah, it's not the same. A diffusion grade in here means ah, 
what the concentration is like inside is different than what 
it is outside the leaf. And so therein be movement from 
one spot to the other. Things won't be static^ Now in 
terms of ox^9\->n what will be the gradient durincj the 
daytime? Anri/^lxxay v/ant to speculate? ^2 h pj v;nicb way 
would bo djviihill? Into the leaves or out of. the leaves? 
Mi.ke? M-Lke? [4 s p] 

Mike: Into ti:e leaf. 
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Would the plant be taking in oxygen during the daytime? Ah/ 
that means it would be higher in the air^ which is about 
21%/ than in the leaf? 

It'd be taking it in. 

Taking it in. Not really sure, here, I guess. Maybe we 
should put on our general equation again for making food, 
and then we can speculate/ need more background, if this is 
what's happening during the daytime Bev, which way would the 
gradient be? Out or in for oxygen? 

Out. 

Oxygen would be; coming into the plant? 
No. It would be out. 

It'd be out. There'd be a higher level inside tlie leaves 
than outside the leaves. That is oxygen would be 
accumulating in the plant leaves. That is oxygen would be 
accumulating in the plant leaves so the gradient would be 
out. So it would be higher in the leaves than outside so it 
would shift outward. Well/ we already have that on the 
board. JJm, you just want to interpret that in terms of the 
gradient. Higher in the leaves than outside the leaves so 
it goes out. Concentration of OO2 on the other hand/ j.f tlae 
plant is very busy making food/ is the gradient in or out? 
Lily? 

Out. 

If the plant is making a lot of food inside the leaf what is 
happening to the CO 2 in the leaf? Is is being used up or is 
it being released? Lily? will it decrease? Is it requiring 
or giving off CO2? 

Requiring. 

It's requiring. So, will the plant be subtracting ah, 
carbon dioxide from the air or adding it to the air? 

Adding it to the air. 

Now think just/ when you require something and you take it 
in. Are you adding or subtracting from the environment? 
Does your food get less on the plate or more on the plate 
when you eat? 

Less. 

Less, ya. You sort of use it up. Weil/ we're saying carbon 
dioxide here is being subtracted from the environment as the 
plant makes food. Therefore the gradient is in. From the 
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outside surrounding environment goes in^ in the ah leaf ^ and 
into the cells of the leaf where there's a package of food. 
What about water vapour? Water vapour is formed in the leaf 
from liquid water. The water is coming from the soil^ up 
through the stem into the leaf during the day. And the water 
evaporates and it makes it through these pores out into the 
air. " i think we should put in our notes , describe this^ 
this transpiration. I'll have quite a bit more to say about 
that later. When water evaporates from the surface of 
plants and exits into the air^ ah^ we call that 
transpiration* Now I'm ja^t hesitating here because I have 
a different problem. I don't want you to take ah^ plants 
being simply wet on the outside where the water is sitting 
li.ke dew drops in the morning on the outside the plant. 
They evaporate off that outside surface. I really war>': you 
to thijik of water inside the plants inside the lea^^i^.* 
inside the sterns^ evaporating inside there to a qas, in, or 
what's related to gas inside and then the gas is diffusing 
outward into the drier air. With evaporation of water from 
vhe interior of the leaf and then diffusing outward into 
the air^ is really what we wanted to try to say here. Ah/ 
maybe^ well^ let's see. The evaporation of water on the 
interior of the leaf ^ or the plant leaf subsequently 
diffusing outside. Subsequent means^ follow from^ take 
place after. Um^ what I've said here is the evaporation of 
water from the interior of the plant leaf subsequently 
diffusing to the outside- That isn't the best statement but 
we'll leave it for now. 

Well maybe we can make a sketch to illustrate once more what 
we^re saying. Still working on this concept of day or the 
time of day^ ah make a sketch. What kind of sketch should 
we make? Suppose this represents a guard cell and we'll put 
in normal epidermal cell around it, around the outside of 
it^ like sa We're looking at a leaf on the edge.The bulk 
of the leaf is up here. This is the upper surface. This is 
the lower surface. We're actually in cross-section. And 
this represents the stomate. These are the guard cells. 
O.K. now CO^ is going in during the day. We have oxygen 
coming out during the day as well as water vapour. That is 
as long as that pore is opea How'd you prepare your sketch 
to represent then the night situation? [13 s p] Would you 
make one that's similar? This is a little bit tricky. 
Maybe we would show the pores closed, or at least very, very 
close together. Maybe the plant is totally sealed. The 
seal or the hole isn't quite that efficient perhaps. There 
is still some leakage. In the old days before air 
conditioning and in the winter time at least when they had 
to have the windows closed in the hospital , they used to, I 
recall/ remove the flowers and the plant material from the 
patients room at night and bring them back in during the 
day. Or at least they'd take them out and put them in the 
hall. They don't do that any more. The plants rit there 
day and night* Ah, nobody bothers to move them around. I 
suppose that has to do with the fact that air in hospitals 
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is circulating. Oiey've air conditioning or at least the 

air day and night and it doesn't make much difference 

anymore, Take the old situation, what argument would you 
use to support the practice of having all the staff move the 
plants out into the hall at night? [4 s p] Norm? 

The plants surrounding — use osygen. 

Any idea? 

They're taking oxygen away fran the patient. 

They're taking oxygen away from the patient? They're taking 
carbon dioxide in at night? 



No, 



They're taking oxygen in at night, 
the oxygen at night? 

The patient. 



And who should be having 



Patient. During the day time they're probably helping the 
patient. At night time they're competing with the patient/ 
you're saying. They're using the oxygen the patient might. 
Which could happen. Well/ how is that to be explained? 

What at this point in our course know about plants and 

their chemical activities during the day? What do they need 
primarily? 

Oxygen. 

Oxygen. But as well they're making a lot of what? 
Sugar • 

Sugar. We call photosynthesis/ they're making food in the 
daytime. Now/ with the lights shut down, one might think 
that photosynthesis. Does anything else sort of take on 
dominance? Does any other chemical process/ ah, sort of 
become the dominant process in place of jiiotosynthesis? Or 
are plants doing nothing at night? [4 s p] Any 
suggestions? [5 s p] If jiiotosynthesis shuts down, does 
everything shut down in the plant? Or are there some other 
chemical activities that are still taking place? [3 s p] 
Any ideas? [3 s p] Well/ let's go to you. What is the 
major chemical activity that's taking place in you right 
now, twenty-~four hours a day, that requires oxygen? Do you 
know any name for it? 

Bespiration. 

Respiration. You saw this film on the cell/ you saw Lynn 
Margeless dealing with mitochondria. You should know that 
mitochondria are involved in burning up food and releasing 
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energy. They call them the powerhouse of the cell. These 
arer we sayr true of not just animal cells but also plant 
cells. Uiey're found in both kinds. So food utilizationr 
food metabolismr we're sayingr releasing energy is also a 
plant process. We were to put on the boardr an equation to 
represent that it would have the same sort of appearance as 
the one we already have except for the ar::cw. Which way 
would it go? The other way. So the concept I'd like ya to 
think about here is that there are two sort of opposing 
processes taking place in a pla^it. They're not really quite 
the chemical reverse as we'll learn as we take each one of 
these in detail. But they're very close. In terms of 
products and in terms of reactantSr they're almost the 
opposite. Nowr during the night time this direction is 
emphasized. During the daytime this direction is 
emfiiasized. I wouldn't want to leave you with the 
impression that it*s either/orr it's more or less. And 
we|re saying during the daytime there is more of this than 
this. Or we'd say there's more photosynthesis during the 
day than there is respiration. During night there is more 
respiration than there is photosynthesis. Then we can 
almost say there'd be absolutely no photosynthesis but under 
perhaps a very bright full moon you'd get a little bit. But 
we're saying certainly at night the emphasis is on 
respiration^ the burning of food. So through the guard 
cells at night if they are between, if there's a bit of a 
spacer if the stomate is slightly open at least we'd get 
some O9 going in and perhaps a little CO2 coming out. But 
the emphasis we're trying to make here is oxygen — during 
the night. So our arrows then for those two gases would 
reverse* The water arrow, well it'd become minimal^ but I 
don't think the plant would be taking water out of the air 
at nightr still be losing water to the air at night. That's 
all I want to say about the gas exchai^ge, ahr the pathways 
of day and night r of day and night. Do you have any 
questions about that? [3 s p] Alright, we'll leave that 
one go and sa^ the leaf is the organ of procurement for 
carbon dioxide. Now we want to go to another part of the 
plant and deal with the procurement of water and minerals. 
What part of the plant am I going to? Mike? [3 s p] 

The roots. 

The roots f O.K. So we're going to put in our notes next, 
ahr number twa The topic here will be water and I'll put 
minerals with it. This drawing is representing the 
organization of a very young root, a small root tip. Thiis 
first section here deals with what kinds of specialized 
tissues that we find in a root tip as it is growing, as it 
makes new cells. I think some of you went over this in your 
Biology 10 course and you remember some of the regions^ As 
the root is pushed through the soil they may become 
damaged. They usually have a package of tissue, right here, 
on the tip. That could be called a cap. Just behind that, 
there is a region where they make cells, they call that 
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meristematic tissue or you can call itr ah^ embryonic 
tissue^ whatever. What we're saying here is the root cap, 
you can see thai; and this is ahr the apicaJ. meristem or the 
tiPf or the meristem in the tip for the eikibryonic tissue is 
goin' to divide into cells. Now behind that we have the 
region where the cells get longer, the region of elongation 
it's called. Finally we get into the section of the root we 
want to focus on today. We're saying in here cells become 
ratiier specialized and we'd call that the region of 
maturation. NoW/ if I can hold thai: on here, (end of tape) 

... narrow down to the part of the root we're talking 
about. And in your notes we can say water and minerals are 
taken in by the root tips. Primarily by a region called a 
region of maturation. It is ah, it's In this region that we 
find a very special layer of cells still in tact. That is 
the layer of cells we call the outside skin, the outside 
epidermis represented by this single layer around. Tliis 
particular layer of cells has walls that are fairly 
flexible. They can be sort of stretched or be teased apart, 
that is the cellulose layers in their wall can shift, or 
slide over each other. If the cell deveT.ops quite a bit of 
turgor pressure, here and there they sort of balloon out. 
Or we can say they grow these extensions called? Does 
anybo^ know? [3 s p] Well, what do you call this that 
grows out of your skin? [1 s p] Hair. So I guess we can 
call this hair too. It extends from the skin. Is it th/3 
same as yours? Your hair is secreted, it's not cellular, 
you can cut it off and not feel pain. Um, probably even 
heat it, stick chemicals on it, you can do all kind of 
things to it and you really don't suffer very much. Now in 
this case the hair is really a living structure. It is 
really part of a cell that extends outward among the soil 
particles. And to move quickly, that's what I want you to 
focus on in terras of procurement. The most important part 
of the ah, root, in terms of getting things from the soil is 
concerned, is this epidermal layer with its root hairs. 
Well, let's draw one in our notes. And let's put it in the 
context of soil. Now, before I begin I want you to get the 
context. Remember our root is protruding into the soil sort 
of like tliis pointer. It's a round, more or less 
cylindrical structure that's penetrating in amongst the soil 
particles. We're going to cut tiiis across this way and look 
at it from the end. . That's what you see here. Then we're 
goin' to show that the hairs come out from the side, like 
this. Now, I'm going to take just one of those hairs and 
enlarge it. Let^s say this represents, sorta , boxy-like 
epidermal cell, thick viills. I'll use two lines to show the 
wall. Then I want to take the site, depending on the 
chomical balance of tlie environment and the cell. The wall 
will be of such material that it can extend under pressure, 
out in among the soil particles. It won't be nice and 
straight in the real soil situation. It can twist and bend 
and curve around particles and find its way through, then, 
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cut from the root. If I grew them on filter, that is, if I 
grew roots on filter paper as we'll probably do this week 
and then you saw in that context they would become straight. 
That is sticking out more or less like fingers, ah. These 
root hairs are extensions of one cell. That is, the whole 
package is one cell- It has in it a thin layer of cytoplasm 
and it has quite a large vacuole. The vacuolar sac in thi: 
cell is pretty importaixt in terms of what the cell can do. 
That dotted line is just representing the inner edge of 
cytoplasm. If I was nore careful I'd stipple the whole 
layer and that has on the outer edge of it what very, very 
thin structure? [2 s pi Cytoplasm always has on the 
outside, what? [1 s p] A skin or a membrane. O.K., now 
it's time to form a note here. That membrane is very much 
involved in the process of procurement. These cells tend to 
be alive. So let's put on some labels. Cell wall, that's 
passive, we can descriJDe it as non-living, secreted but 
permeable. It has to be permeable if the plants are to get 
anything from the soil Immediately underneath that will 

the cytoplasm. That wDA have living properties. It can 
do work, and the outer skin of that we call the cell 
membrane. That is not dead and it is not just permeable. 
Cell membranes ai:e what in terms of what they permit through 
and what they don't? They are semi-^>er:Tieable. On the * 
inner Gdge of that we have another membrane called the 
tonoplast. That membrane bounds the vacuole of the cell. 
Now if I tr^ed to show that I'd have the inner edge of the 
cytoplasm there, we can, call tonopLast. That means the 
membrane around the vacuole, separates the vacuole from tiie 
cytoplasm. That is also living and is semi-permeable. If 
the cytoplasm is very thin we can even consider the whole 
cytoplasm layer like a membrane. Now the most important 
liquid in the cell in terms of establishing a relationship 
outside the cell is the cell sap itself. That is all this 
material, I should stipple, all this material in here. 
Primarily water but with dissolved solutes maybe some 
wastes, some sugars in there. That material we'll label 
cell sap and it's concentration is extremely important. If 
the root hair is supposed to take ah, if the root will take 
something in from the soil this liquid here, in the vacuole, 
should be what in relation to the liquid outside? [3 s p] 
What word would yr: use to describe it if it's going to draw 
things into itseli? [5 s p] Juanita? C3 s p] You have 
ultimately three words in your vocabulary from chs^ater six. 
Hypo, hyper, isotonic. 



You're Juanita? O.K., what do you think? If this solution 
is goin' to be, effective in, in drawing in things into 
itself, would it be hypo, hyper o^^ isotonic? [5 s p] You 
don't know? Bonnie? [8 s p] 
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A: Pardon? 
Bonnie: * 

A: Hypo? If this solution was hypo then it would mean that, it 

would mean that it would have a lot of water and very^ very 
little solute. Water would tend to go which way from it? 
Out. If you want this solution here to draw something into 
itself it should be more salty or more sugary or more 
concentrated solutes than outside of thisr and that should^ 
we should describe the word hypertonic The cell sap should 
be hypertonic to soil water. It's goin' to draw water into 
itself. The cell sap is in the structure of the cell called 
the vacuole. Be sure you put that on, cell sap of the 
vacuole. Well^ I sorta like my own drawing better then the 
— . Now if you have room you could put on some soil 
particles. These root hairs are really quite small. As a 
particle of soil would be around them^ in this position. 
Coating each particle is a film of water. Maybe even show 
that somehow as well. Around each particle we have a film 
of water. 'Ihat's the water that the roots should be 
acquiring. Don't want the soil saturated, we don't want it 
water logged, so to speak. We don't want water dripping out 
of it sort of lik :> a sponge, out of a saturated sponge 
because soil must also provide o>ygen to these roots, so 
they can breathe. That is the soil must have some air in 
it. It should be a bit porous. Dm, you've probably noticed 
around sloughs or lakes when the water has soaked the soil, 
or saturated it, or the, aie lake has risen and, and ah, the 
shoreline is, is inundated with water ah, the trees, the 
shrubs and bushes all die. Well, we're saying soil should 
be able to breathe to occur as well as provide water for 
roots. And what we're talking about is useful is the water 
that coats these particles. In your notes at this time 
then, I hope, the root that is the useful structure fcr the 
plant to acquire water, to acquire minerals. The part of 
the root that is most important is the root that still has 
its epidermis that still has these tiny hairs. The hairs 
provide the advantage of, of great surface area. That-s why 
they're important. Just to illustrate that, I'll give you 
some statistics from a study. I get to the point now first* 
The point of the hair is to provide surface area, that is, 
contact with soil. A study was done on a, ah- rye plant. A 
rye plant is somethin' like wheat or oats or barley, it's 
ah, it's a plant that used to be very common in Alberta 
particularly just following World War II. It was a cash 
crop and the fanners grew a lot of it because they could 
sell it without worrying ^X5ut a quota. It was also kinda 
nice because they v/ould plant it in the late fall and it 
would germinate and produce a nice ground cover, maybe 
little green plants about so high. And then it would stay 
sorta dormant over winter arid become active again in the 
spring and then, ah they would go into the life cycle and 
produce kernels and they would harvest it. How many eat rye 
bread by the way? O.K., one person. O.K. the kernel is a 
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little bit smaller than that of wheat* You've seen wheat 
and ahr less plant on top. It's not a big plant. It 
extencSs oh, maybe six feet high. We as kids used to run 
around in there and have lots of fun, much to the farmer 's, 
a sortar you know frustration. Um, it grew quite tall, six 
feet. It's kind of fun to run in there and hide on each 
other. Anyway, back on track. K^c're saying this plant 
being four months old estimated on the average to have 
fourteen billion living root hairs. Now fourteen billion 
should indicate to you that they would provide a lot of 
surface area. Tlie point of having so many is to make sure 
the roots are contacting a lot of soU.. If you took each 
little root hair and split it and unfolded it like a piece 
of paper instead of having it in a tubular pattern. You 
open it up like thi^^ and laid them side by side, this person 
doing the study, ah, suggested it would cover about 4000 sq 
ft. I suppose he had a system, ah. Pretty big surface 
area, 4000 sq ft, for this one plant to contact the soil. 
Now these root hairs, they look like a dig, so they would be 
damaged, die. After about a 24 hour period and you have a 
new batch being produced. Ihe concept we'd like here is 
that ah, there is continually turning over. Old ones are 
being replaced by new ones, sorta on a daily basis. I'll 
repeat the main point, ihe function of roc:: hairs is to 
provide surface area for absorption. Their function is not 
to anchor the plant, that is to make it stable in the soil, 
their function is to procure things from the soil. Well, 
N back to the process now. If the roots are procuring water, 
the solution around the particles should be hypotonic to the 
solution inside the liair. I'm not contradicting what I said 
before. Before we said it the otlier way around. We said the 
solution inside should be hypertonic to the solution 
outside. If you have room yet you can put that on your 
drawing. I suppose we're saying tiiis solution we already 
have, the root hair one, this solution out here, the soi3. 
water should be hypotonic to the solution inside. Well 
after a nice spring and early summer rain ttiat's how it 
probably is. During the hot dry days of August, it might be 
the other way around, the soil may be hypertonic and as a 
result the plants then to do what? [2 s"p] Dry ou;^^ wiJ.t, 
ah, droop and then along comes a nice rain again and they 
then sort of stiffen up and become turgid. We say, ah you 
can see sort of wjiat condition the soil is in by looking at 
the plant. In the city situation you'd probably get out 
there with the hose and water. Or if you have your lawn 
automatically watered you just turn on the tap and out comes 
the water automatically and your plants become nice and 
turgid. Well, the ah, if you're in an apartment of course 
you take your plants and water, right? We're saying let the 
water go through the soil determines which way the water's 
going to go in terms of the plant, in or out. The soil 
water should be hypotonic to the cell sap. Now, in your 
notes maybe we should summarize the ah, the method then tho} 
plant uses to obtain water. Number one process, I've been 
indicating here to obtain water is ah, what? [1 s p] We've 
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talked about the hypOf hyper waxier going in by diffusion. 
What is the process we're dealing with? [2 s: >p] 

Student: Osmosis. 

A: OsmosiSf sure. It's on the test tcmcirow. We know all 

about that. By tomorrow anyway. 

That's the main way the plants acquire water. Ah, research 
has shown however even when the soil is pretty dry and you'd 
say it is a hypertonic position. Ah, that means the water, 
out here^. is not in as a great a concentration as the water 
in here, or the solutes out here are more, more abundant 
than they are in here. If the soil water is hypertonic, 
water is sucked, for some reason, still goes in, it's still 
picked up. A minor method, but still important, is where 
the membrane gets involved and moves water against a 
diffusion gradient. When you're describing a movement like 
that for minerals like iodine in algae, or sodium in nerve 
cells we call that what? 

Student: Active transport. 

A: Active transport, sure. We'll put that down as a second 

method. Put a mark beside osmosis. We'd say that's the 
most important one. But active transport does occur for 
water. That's all I want to say about water procurement. 
Now, a bit about minerals yet. Ah, what kinds of minerals 
do plants require to make their food? If you look at the 
make up of sugar you might come to the conclusion they don't 
require any. Well, let's see if can catch up on how our 
notes are organized. What you have here is the procurement 
of water and minerals. You've made some notes about root 
hairs and root structure I hope and ah, what I've just 
listed on the board is applicable to water procurement. New 
underneath that same heading we'll deal with minerals. Root 
hairs again are involved. It r^ires the root hairs. 
Before I get into details of ah, of what is acquired, what 
minerals are takan in, just put the points of main method is 
active transport, is well documented by studies carried out 
here in Alberta, and I might refer to them after a bit. Now 
the types that are taken in^ well you c=ui get a clue by 
reaMng your fertilizer bag. LoWr what kinds of minerals do 
plants need? What would you put down as the number one of, 
the number one was primary importance. Any iQ>2a? What's 
the chief ingredient of fertilizer? [2 s p] What's number 
one on your bag, the ver^^ first number on the bag is the 
amount of what? [1 s p] 

Student: Nitrogen 

A: Nitrogen, sure. WfJ.1 that's of primary importance. Well, 

if I take the photosynthesis, and that is the context of our 
lesson today, ah, if I do our little equation once more, 
here are the reactants, do you see any nitrogen in there? 
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[1 s p] Here is the product/ he said/ sugar. Do you see 
any nitrogen in there? It doesn't become apparent by how 
we describe photosynthesis that the plant will even need 
this mineral. Which we buy at quite a great expense/ 
because we're dealing with it on a farm scale/ and add it to 
the soil. So you might want to put down why this is needed. 
It is not needed to make sugar directly. Can you suggest 
some indirect necessity for it? [1 s p] Any idea where it 
might be needed in the process? [6 s p] it doesn't become 
apparent from what we've studied so far. So I'll probably 
have to help you. Nitrogun becomes very important in the 
making of some of the chemicals used in the making of 
food say in the machine/ or factory of E*iotosynthesis. And/ 
ah/ nitrogen is important in making the plant green. It 
is important in the synthesis of chlorophyll. Not because 
it is in the chloro^iyll molecule itself but it is used in 
helping the chlorophyll to be made. Maybe you've noticed if 
the nitrogen is scarce in the soil the plants do not have 
that deep bluish-green tinge. And you can easily tell where 
you've put the fertilizer and where you haven't if you've 
done any fertilizing of your lawn. You sort of tell after 
two or three weeks v:here you might have missed. When you 
drive through a community you see lawns repeatedly, you 
probably don't look at them, you probably look at the other 
things/ like people grass. But in the case if you look at 
lawnS/ you might have noticed sometimes/ the lawn looks a 
little patchy/ depending on how the person did that/ applied 
it. You can sorta see dark green patches interspersed with 
light green patches/ as if they went out there with their 
hand and did it this way. Or if the spreader sort of 
stopped and got plugged up and then cleaned it out and 
starts again you forget where you left off you get sort of 
an uneven patch/ ah pattern. Well you all know some 
chemicaJ.s in cells, that have nitrogen in them directly/ ah, 
one in particular. Can you name ...? Ammonia has nitrogen 
in it and plants nesd this. Amines have nitrogen in it and 
amines are used for making what big complicated molecule? 

Students: Proteins. 

A: Proteins. What we're saying is if a plant is goin' to have 

enzymes and the machinery of membranes/ that it's going to 
have to have nitrogen. So, to summarize what we're saying/ 
nitrogen is absolutely essential to build the enzymes that 
participate in jfcotosynthesis. Well/ what other ah, mineral 
^ do you see on your fertilizer bags? Olie second number/ do 
you know what that stands for? [3 s p] Let's say we have a 
fertilizer bag with the formula 6-12-C/ something like that. 
You always, have three numbers on the bag. Ah/ these are 
perce.it figures. The first one means the percentage of 
nitrogen by dry wcdght/ that's the percentage of the total, 
let me repeat that. We're saying the first number 
represents the percentage of total dry weight of ah, 
contents of the hag, ah that, that .is nitrogen there. 
What's the second number represent? [3 s p] Well/ let's 
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give you a clue, That is beyond what you normally think 
about I'm sure. The second number is all, representative of 
phosphorous. Now, jiiosporous isn't required in as very 
large quantities as nitrogen. You can put some number on 
these things and say nitrogen is required let's say 15 — 
in Comparison to that, phosjiiorous is required in two parts, 
The third number on the bag is, we're simply going in 
alphabetical order here, the third number is potassium. 
This is required in larger amounts than phosjiiorous, Uie 
rating here is about 5 parts, aK, then the three most 
important elements that we, here in Alberta, thiiik we should 
be adding to soil, depending on our soil condition, and you 
vary the formula from spring to summer, to fall. What you 
put on in the spring em^iasizes the minerals that help the 
roots to grow and later on you emjAiasize the nitrogen a bit 
more. This number becomes large on the bag and these get 
.'smaller, 0.K,, ah, just want to add a few more that plants 
require. In the same league. Alberta soil usually has lots 
of calcium, calcium, sulphur, and magnesium. These six we'd 
say make up what we call the macronutrients, the big items. 
The major minerals required by the plant to grow. I'm 
saying the fertilizer bag, or the little bottles you buy, 
for youp houseplants are probably emphasizing these three. 
These three are usually adequate in the soil. I do want to 
single out this one and just comment. Magnesium is required 
for making chlorophyll, it is in the very heart of the 
chlorophyll molecule. Without magnesium the plant cannot 
possibly be green. Magnesium to a green plant is like iron 
to red blood. 
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A lesson in gas exchange in plants presented by teacher "C" 



C: Now chapter twelve dealt with a little bit about gas 

exchange in plants. And first of all name/ naming the two 
gases involved Heidi. In transporting or exchanging gases in 
plants are going to be? 

Heidi: Carbon dioxide and oxygen. 

C: Carbon dioxide and oxygen. These are also the two gases 

that are involved in animals. As a matter of fact those are 
the two major gases that are involved in all life. Now 
there could be certain organisms, for example bacteria and 
mai^e the odd virus or so that's not necessarily going to 
need any oxygen what uo ever. Now this exchange of oxygen 
and carbon dioxide will take place with its environment. 
One of the necessary components for oxygen to exchange places 
with its environment from with inside the cell, what is one 
of the major factors or components necessary for this 
operation to take place. The movement of oxygen from its 
environment with inside the cell. There is one component 
that is necessary. Mary? 

Mary: Water. 

C: Water. O.K./ now that's going on the premise that one of the 

statements that I made is that... The way we define life, 
one of the necessary components/ and obviously there's 
going to be some organisms that will dispute that but by a 
large extent there... But most organisms that are 
considered to be alive, or cells that are considered to be 
alive are going to be surrounded by a fluid. And that fluid 
is going to be the extracellular fluid. Back in chapter six 
we took up some of the things that must be kept at a 
constant level in that extracellular fluid. And we termed 
and phrased that constant level of, of oxygen, carbon 
dioxide, pH... What term did we apply to that Glen? To 
things that are kept at a constant level? [3 s p] And it's 
not equilibrium. It might be isotonic? Well that's 
comparing food materials on opposite sides of a membrane, 
then they are equal, isotonic ^ But if things are kept 
constant (4 s p) Janet? 

Janet: Static. 

C: Static almost. There is a word that is applied to that. 

Static is fairly close. What would go along with that. 
Lynda? t2 s p3 Joyce? 

Joyce : Homeos tat ic . 

C: Homeostatic. So that now something is homeostasis. That 
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means it is going to try and control a certain level of 
materials in its environment. And these materials in the 
environment must be kept at a fairly constant level. One of 
those things or I should say two of those things that must 
be kep^- constant in the environment of a cell are going to 
be the ceases involved* Those two gases that Heidi stated 
earlier are going to be carbon dioxide and oxygen. Most 
organisms are going to consume the carbon dioxide in their 
chemical reactions. And if they're consuming carbon dioxide 
they're probably using other materials for example, water 
and they'll be releasing oxygen. Or they could be for 
example taking in oxygen and releasing carbon dioxide. Now 
those are the two major processes of like. The building of 
the complex material which is the consumption of the carbon 
dioxide or making of sugar. Or the breakin down of the 
sugar molecule and the releasing of carbon uioxide as a by- 
product. So those are the two major gases involved. The 
two major processes using those gases are photosynthesis and 
cellular respiration. So if those are the two gases then 
somehow we're going to deal with plants first. Somehow 
those plants have to acquire the gases that are necessary. 
And in plants one of the major gases necessary is going to 
be carbon dioxide if we're talking about the leaves. But 
carbon dioxide is needed for the process of jiiotosynthesis. 
Now you know yesterday we talked a little bit about roots. 
And a few of you weren't here yesterday. Ron seeing that 
you weren't one of those people, what is one of the necessary 
components that will be absent for roots that will be 
present for leaves? (3 s p) Now think, it's going to be 
around for leaves but not going to be around for roots. 
I'm going to ask the people that weren't here. Barrie? 

Oxygen. 

Oxygen. No. Something else. 
Sunlight. 

Definitely. In most cases roots are going to be down under 
ground. Most cases leaves are going to be found above 
ground where there is sunlight. Now going to tiiat concept 
of structure and function, we have two materials that are 
going to be described differently. We're going to have the 
leaves that are going to be described differently. We're 
going to have the leaves that are above the ground are going 
to be described different than the roots that are below tiie 
ground. Now we, because of that structure we're going to 
deal the gases different. If the structure is different 
chances are the function is going to be different:. The 
leaves that are above the ground require the sunlight and 
the carbon dioxide mainly. Yes all the cells require oxygen 
but we'll get into that later. Underneath the ground there 
is no sunlight. The structure is different, the two gases 
involved are still carbon dioxide and oxygen but they use 
oxygen because the function of 0iotosynthesis requires 
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carbon dioxide and there is no photosynthesis in the roots. 
So in the roots they're going to be taking in oscygen and 
giving off carbon dioxide. And in the leaves they're going 
to be taking in carbon dioxide and giving off ojc/gen. So 
their structure is going to look for different functions. 
And those functions are going to be the use of gases in 
different ways. The same gases but using them in different 
ways. The same gases but using them differently. Now/ I 
went through yesterday , I went through how gases get into 
the roots and stems. To a large extent if the oxygen is 
going to make it into the cell it must be dissolved in 
somehow in the water. The soil is going to have moisture 
films around each particle and the roots coming into contact 
with the water and thus take in the oxygen. Because they 
don't photosynthesize they need oxygen. Carbon dioxide will 
be eliminated in the opposite direction. So the roots are 
going to need Barrie/ air spaces which contain oxygen. 
O.K./ now the leaves on the other hand... 

How come they have to get oxygen? How come in some plants 
they're supposed to sit in the water? Like when you just 
cut off a shoot and place it in water? 

O.K./ alright. Good question. If he's just taken a plant/ 
and he's talking about making a slip or something. Usually 
when you make a slip where would it be? Tell me how you go 
about making a slip. The process/ that's not with , a sewing 
machine/ a slip from a plant. 



What would you do? You just basically told me. 
Snip off the plant. 
And then? 
. 

O.K. Where are the roots of the plant? 
Still attached to the plant. 

Still attached to the plant under the ground right? 
Ya. — . 

Right. Right. That's right. What you've done now by taking 
and placing the little slip in the water is bring the 
water in direct contact with the cell. Eliminating the 
roots. 

. 

They don't necest^irily need a large quantity of oxygen. 
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because we don't have the roots. And any oxygen that's 
dissolved in the water, should be enough o^Q^gen to look 
after the oxygen requirements of the cell. 0.K, so by 
cutting that piece of twig off and putting it in the water 
you've eliminated 'the roots so you don't need the function 
of those roots anymore. 

Uien why do you think there are roots? 

Ah/ well that's called differentiation. That's 
specialization and that's controlled by hormones. We'll be 
getting into that a little bit later. Maybe we could keep 
on going with this but it gets off track a little bit. So 
we if we keep with the gas exchange. That was a good 
question about the gas exchange but the extension of the 
roots that gets us into hormone control. And let's get the 
gas exchange first and the we lookfup how 



th^ had enough oxygen to nake 



_ _! just thought that if 
roots 

Well you see/ — a viable 
'Urgan system. An organ 



plant you have have to have an 

working with another organ with another organ. So you have 
roots that are no longer there. You have snipped them off, 
so you have a stem which could be an organ. Kie leaves 
which could be an organ. So as an organism it's incomplete. 
Alright? And for it to have any form of growth it would 
then have to take in more water. The best water absorbing 
type structures are roots. So therefore as a function it 
would like therefore at least to develop a structure that's 
going to look after it. I'll keep working structure and 
function at you guys until you understand it. Everything has 
a function because it has a structure/ and that structure is 
going to have a direct bearing on how that function is 
carried out. O.K.? 



Now what we're talking about leaves we have a process of 
photosynthesis which is taking in of carbon dioxide and the 
union of water. I'm over simplifying this process/ energy 
of the sun... Sure over simplified but none the less that's 
basically what happens, when we're talking about the 
exchange of gases within a leaf, the leaf is usually 
outside. We'll talk about terrestrial plants first and we 
leave the aquatic ones alone. The terrestrial plants 
usually have an atmosjiiere that contains both gases oxygen 
and carbon dioxide. I'm going to concentrate on the carbon 
dioxide intake of a plant and I'm going to show you how it 
gets into t±e leaf and also how the control of gas exchange 
is controlled by the guard cells. 

NOW/ the cross-section of the leaf. At the top of the leaf 
you have a water resistant cuticle/ a layer of epidermal 
cells which is something like your skin, they're 
transparent/ protective. There's a layer of cells just 
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below that which are the palisade mesophyllr the palisade 
layer they contain a large number of chloroplasts and that's 
where the process of photosynthesis will take place. We 
have another layer of cells r these are spaced out all over 
the place. Large spaces in between. They are spongy 
mesojiiyll. There's a lower epidermal layer r a lower cuticle 
and also an opening or a pore. This pore is the stomata. 
The stomata is controlled by two distinct cells that are 
kidney-shaped on either side of the opening. They're either 
going to be open or closed. Now if it's open obviously 
there's going to be great oxygen loss and carbon dioxide 
intake, water loss. aK.? Obviously. If the pores are 
open, it's like you when you sweat. If your pores are open 
you sweat. When your pores are closed obviously you're not 
sweating. [4 s p] It's not exactly the same but at least 
you get the idea. When the pores are open there's going to 
be a great loss of material as well as an influx of 
materials. So the opening and the closing are controlled by 
the guard cells, when the carbon dioxide comes in through 
the stomata it comes in contact with a film of moisture that 
is surrounding all this spongy cells. It then becomes 
dissolved and can be transported to all parts of the plant 
which require carbon dioxide for the process of 
photosyntiiesis. Alright, now if I want to look at carbon 
dioxide intake I have to start to look at what is going to* 
control the opening and closing of that stomata. Which are 
the guard cells. Now if I draw guard cells greatly enlarged 
and I'm going to look at the guard cells and most of the 
guard cells are located on the underside of the leaf. So 
I'm going to give you a picture on the board of looking at 
the underside of the leaf. Guard cells here, stomata is 
here in the opening. The structure is that, such that the 
inner layers of the guard cells are much thicker than the 
outer layers. O.K., now I can't just all of a sudden 
isolate the guard cells because notice there are other 
epidermal cells on either side so... I don't know what kind 
of a plant would have cells like that anyway. You have 
cells, epidermal cells, the opening and closing of that 
stomata, that might be the opening here, is controlled by 
these two large kidney-shaped cells. We also in the 
previous chapter where we have osmosis taking place. And 
osmosis is established when you have for example, 
concentration gradients set up. So you have a solution 
which has a high water concentration separated by a membrane 
and a water concentration which is low. We're going to have 
the water move from a high water concentration to a low 
water concentration. Now if we have a container that has 
water on both sides of a membrane, if it was pure water, 
water would flow in both directions equally. And den there 
is your isotonic Now if for example I took, oh some sugar, 
some glucose, and I sprinkled some glucose in this side... 
Try and keep the volumes about the same, I'm not concerned 
about the volumes, concentration. If this is pure water in 
relationship to this, this is going to have a high water 
concentration compared to this water concentration which is 
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going to be low. So by increasing the solute on the right 
hand side I decrease the water. Therefore the movement of 
the water is going to be from the left hand side to the 
right hand side. O.K./ I'm going to try and do that here. 
Contained inside these guard cells are structures known as 
chloroplasts. Now the water concentration to begin with is 
the same thing. The water concentration around the 
epidermal cells are exactly the same at the beginning point. 
Now early in the morning when the sun comes up and it 
strikes the leaves, the leaf will begin to photosynthesize. 
The end product of photosynthesis will be? I should be 
working in this direction. The end product of 
photosynthesis is going to be glucose. So early in the 
morning when the sun strikes the leaf it causes these 
chloroplasts to photosynthesize and produce glucose. The 
epidermal cells do not contain chloroplasts they're only 
clear. Therefore/ they're not increasing the solute. So 
now what we have is the water concentration inside the guard 
cells is going to what? [4 s,p] in relation to the water 
concentration in the epidermal cells. Julie what's going to 
happen? you've got a high water concentration on one side 
of the membrane and a low water concentration on the other 
side. What's going to happen? 

Well/ . 

Sure. Excellent. Sure that's all there is to it. So, some 
of the water from the high water concentration is going to 
move inside the cell. LoiS/ what's going to happen to that 
guard cell? 

Expand. 

It's going to expand. It's going to swell. Now/ rather than 
trying to erase and try to draw all that thing again I'll 
just re-draw this particular cell. Now/ you'll notice it's 
quite a bit larger. So it's taken in a lot of water. Now 
if this guard cell is taking in water this guard cell 
probably is also going to take in water as well because it 
contains chloroplasts. So you end up with a situation where 
the guard cells become greatly enlarged because inside the 
water concentration is low and as glucose (end of tape) 

...you have the stomata open so that carbon dioxide can move 
in. Now did you get all of that yesterday? Did you get any 
of it? Some of it? O.K./ stomata controlled by guard 
cells. The walls are thick/ elastic/ the outer walls are 
thinner. When turgor develops the thin walls bulge out 
forcing the inner walls into a crescent shape which is going 
to open. The loss of turgor the guard cells are closed. 
Now the process I've just described to you and also written 
down. Now we can apply the effect of pH on the stomata as 
well. And we will do that. 

O.K./ if you can just bear with me. I want you to drop your 
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pens. Put them down. I want to finish off this part plus 
the part that's coming up. Now iVe described what is 
coming up, basica3.1y to you alreacfy. Now I'm just going to 
apply it with just a little different concept in mind. 
Concerning about plf:jnts. O.K./ again light stimulates the 
opening of the stoirata b^'- first of all stimulating 
photosynthesis in the lec±'/ number one. Number two, which 
causes a reduction in the carbon dioxide concentration of 
the air in the air spac-^s. Hhis is the reduction of carbon 
dioxide OiK.? NoWf which increases the of the cytoplasm 
of the guard cells. Now why would the jSI increase? Anybody 
have an idea? Increase means becoming? 

Student: Basic. 

C: BasiC/ therefore carbon dioxide is probably going to be 

found in what form, with water? Producing carbonic acid. 
So now if carbon dioxide — . As soon as the sun comes up 
in the morning and photosynthesis starts which is the 
consumption of carbon dioxide; is reducing its acidilg^ or 
becoming more basic. And as it becomes more basic the fJ! 
increases. Everybody with me so far? Which promotes the 
accumulation of solutes. Glucose. Actually 
phosphoglyceraldehyde or PGAL. Which causes the water to 
enter the guard cell by osmosis form the surrounding 
epidermal cells which we've just looked at. which causes 
the build up of turgor and the stomata open. (13 s p) Now 
most of you are probably there. Do you need it any higher? 

NOW/ outside carbon dioxide is found carbonic acid. 

NOW/ know that it's not going to be found as carbonic acid 
because that is a very... It could be very bad for a plant 
to have large quantities of acid floating all over the 
place. Yesterday when I went through it I described to you 
that the carbon dioxide when it joins with water produces 
carbonic acid which then dissociates into a bicarbonate 
allowing hydrogens to be released. And anything that 
liberates hydrogens is classified as an acid. But to 
understand how it is with plants you have to understand a 
little bit about the union of water with carbon dioxide. It 
stimulates photosynthesis and causes a reduction in carbon 
dioxide concentration in the air in the air spaces which 
increases the pa of the cytoplasm of the guard cells which 
promotes the accumulation of solutes which causes water to 
enter the guard cells by osmosis / which causes a build up of 
turgor. The guard cells swell. 

Student: 7 

How long would it take for a guard cell to open? Not very 
long. — . But it would depend on three or four things. 
The accumulation of glucose/ how fast — • It leads to some 
very interesting kinds of questions. aK. question. How 
could I artificially/ after I've stated the process of 
photosynthesis open the guard cells. How could I very 
quickly close the guard cells? Glen? 
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So if I added carbonic acid it would lower the pH and it 
should drop and guard cells would close. Take light away. 

Is light more iirportant? 

All/ good question. Is light more important? You answer it 
for me. 



O.K.r now we will find out later on why why it is more 
important. How else could I stop this from happening? 
Blake? 



If I have the guard cells openr how could I stop the guard 
cells from opening? Or how could I close the cells 
artificially besides turning off the light? Introduce acid. 
How else? I'm saying artificial so you can come up with 
anything. Conjure up any idea you want. 



Alright. Take a needle^ stick it in and bring out the 
water. That would reduce what? 



It would reduce pressure. What is that pressure called? 
Say it. Say it louder. So if I could reduce the turgid 
pressure within the guard cells then the guard cells are 
going to close. I could do that also by reducing the 
temperature because it*s going to be a chemical reaction 
which photosynthesis is. So if i slow the rate 
photosynthesis down by reducing its temperature I should be 
able to prevent an accumulation of solutes. I could also 
stick a needle inside the guard cells and even extract only 
the glucose, therefore the water as Glen said earlier would 
be in an isotonic situation and there'd be movement of water 
equal and the pressure would be reduced. What's that? 



If you added sugar to the epidermal layer and you've created 
an isotonic situation again. 

The next little bit is just a bunch of facts that can be 
applied to gas exchange and that is kind of fill in some 
empty parts along the way. So the actual gas exchange parts 
of the plant are going to be the primary the oasis areas 
which are bounding spongy mesophyll. And again that relates 
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back to the fact that I keep harp.tng at you is that a cell 
that is usually considered alive is going to be surrounded 
by a fluid. Of course there are situations where you have a 
spore formation and stuff like that* But then again they're 
a special kind of life. Almost like suspsnded animation, 
so we won't concern ourselves with those right now. But an 
operating cell needs to be surrounded by fluid. And this 
fluid which is surrounding the spongy layer^ O.K*f now you 
can begin to draw correlations between plants and animals. 
Gas exchange in plants they must have oasis cells. The two 
gases involved in plants are carbon dioxide and oxygen. 
Your start looking in animals ^ the two gases involved in 
animals are going to be oxygen in^ carbon dioxide out. Uie 
same two gases. Chances are because we're working with the 
same two gases the structures involved are going to be quite 
similar f and they are. Inside the stomuta, or inside the 
leaf they must have spongy cells surrounded by water. 
Inside the lungs when we're dealing with oxygen and carbon 
dioxide the alveoli r which are the tiny little 
structures r have to be coated for. There has to be a fluid 
made available. Ar^d this is very evident when you get 
yourself a cold. Your whole bronchial system begins to dry 
out and you begin to notice it becomes very difficult to 
breathe. You can still do it because you don't dry your 
lungs out^ completely. so there you go. Two gases r 

the functions are very similar; therefore, you expect the 
structures that havG some similarities. So water loss is 
prevented ty the epidermal cells covered with a protective 
covering, a wa^^r covering called cutin or cuticle. The 
water vapour that passes out of the leaf through the stomata 
is called transpiration. And we're going to be doing more 
of that later and in chapter fourteea But anyways there it 
is. when water leaves a leaf it is called transpiration. 
Transpired water is transported fcy water from the soil. And 
that's why you throw water on the "soil to water your plants 
at home, rather than on the leaves. Water is taken up by 
the roots, to the stems, to the leaves. Now an extension of 
that, getting into a little bit of transport but it does fit 
in a little bit. The transpiration drives the transport 
mechanism by which inorganic nutrients are brought in from 
the soil to the leaves. So if the leaf, in its process of 
manufacturing certain materials they need some inorganic 
materials, those inorganic materials come from the soil. 
How do they get to the leaves? They get there by the 
transport of water. The vessels named are the xylem. 
Transpiration is a cooling process. Each stomata acts like 
a humidity sensor. Again I go into more detail in chapter 
fourteen, go into it, how it acts as a humidity sensor. If 
water is acting as a cooling process does anybody have an 
idea how it happens? Or why? Anybody want to try it out? 
How can water act as a cooling process? Evaporation, "CK.? 
New how does evaporation cod? O.K. evaporation is correct. 

Lawson: Doesn't it — 7 
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O.K. now mosb of you realize when you sweat you release 
fluicL Fluid is now coating your skin. What happens is, 
the moisture that is now on the outside of your skin absorbs 
the heat from your body and in the process of absorbing heat 
the moisture on your skin evaporates. So it has taken heat 
energy from your body to evaporate the water. The same 
basic process is taking place in plants^ The water that is 
being transpired coats the outside and inside of leaves. As 
the sun is beating down on tops of the leaves it warms the 
leaves up. Some of this heat is transferred to the water> 
The water then evaporates. In other words as the water is 
evaporating it is taking heat away from the leaves; 
therefore cooling the leaves. Oliere is a process that is 
called jSiotorespiration. One it might be a little bit 
difficult to understand at this point because you haven't 
really taken fiiotosynthesis; you haven't taken respiration. 
Now when photosynthesis begirt it is an accumulation of 
glucose, glucose is an increase in solute; therefore, there 
is a concentration difference and water moves into the 
stomata and the stomata opei^^ Well, if the stomata also 
contains other materials that tak^i^n the glucose and break 
them down. The broken down glucose then add to the carbon 
dioxide concentration. Now the process of breaking glucose 
down is called respiration. Respiration is greatly affected 
'or more so affected by temperature increase than 
jAiotosynthesis. So, the sun comes up in the morning it hits 
the plant, the stomata open because there is a build up of 
glucose in the guard cells. The guard cells because they're 
being warmed up also have their rate of cellular respiration 
increased. Now cell respiration is taking glucose and 
breaking it down into carbon dioxide and water. As the sun 
keeps beating down on top of the plant, respiration is 
suddenly going on faster tlian photosynthesis. Well we have 
a reverse situation. There is less solute; therefore, the 
stomata close shut. And that usually takes place in the 
hottest part of the day. So basically during the hottest 
part of the day respiration is going on faster tlian 
jiiotosynthesis. And that's called photorespiration. Also 
its kind of funny because that's when most people water 
their lawn*^. And that's probably the worst time to water 
your lawn -jecause the plants take in water corresponding to 
the water they lose during transpiration. Well if the 
stomata are closed their not transpiring; therefore, they're 
not taking anything in. So if you're watering it soaks down 
into the soil and the grass doesn't even use it. so if you 
want to water your lawn you water it early in the morning 
when the sun first comes out, the stomata open, there is a 
lot of water loss; therefore there's going to be a lot of 
water intake. 



Not in the hottest part of the day. Well, the hottest part 
of the day if you keep watering it long enough you can cool 
the grass down where it will work but you have to use quite 



a bit of water. So piictorespiration/ or respiration of 
Efaotosynthesis are directly related to the temperature; 
therefore/ as the temperature increases so does respiration 
at a rate faster than photosynthesis. So the j?tomata close. 
The concentration of carbon dioxide rises. Or in other 
worcls the solute concentration decreases; therefore as Glen 
said/ the situation would be what/ Glen? Hhe same 
concentration. IsotvOnic*> 

Now there are a few planets that prevent this from happening. 
So ^hat if a plant c<?n keep its stomata open all tlie time 
that meaas it is constantly taking in carbon dioxide; 
therefore/ it c^n coriStantly carry on photosynthesis and 
it's proliably going to produce more food and more food it 
producers obviously the- larger it's going to grow. Some of 
these pl^riits for example like corn/ sugar cane. Most of you 
realize com can grow two or three metres high in one 
seasoru In one growing season. That's why if you've ever 
noticed cralo gtass or quack grass, why after you've finished 
cutting the grasS/ three days later the quack grass needs 
ciitfcinci but the other lawn is still small. Quack grass 
prevents pbotorespiration from happening; therefore/ it's 
going to photoi^Athesize faster and produce more food, so 
theoretically if geneticists can develop plants that resist 
photorespiration our food production can be greatly 
increased. O.K. we're almost done. The last part 
tomorrow's class. Make sure tomorrow's class you bring 

your labs. handing it back to yoa. We're going to be 

using that as the basis for photosyntliesis lab. You're 
going to have two unknowns. Two unknowns/ wbat'n tomorrow? 
Wednesday. Thursday you get a test. 
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An introc3uctory lesson in autotrophic nutrition 
presented by teacher "D" 



D: ... along the lines of what Mr. Benson has to say. I'm not 

so sure that, that one should read the text and just get 
really confused and then we go through it in class and the 

way I present it, it is a little bit different the main 

confusion^ — I'd just as soon confuse you myself as have 
— There are seme facts here that when we get into some 
biochemistry that will prove to be a little more difficult 
for som3 than — o I'll present it in a much different 
fashion that the text because I think I have an easier way 
to do it. So what I suggest to you then, if you're going to 
read the text through, just read the first part to give you 
some of the facts. Once you get into the reactions which is 
nine point six, the dark reaction — nine point six and on 
from there you might not read that so much. Listen more 
carefully as to what we do in class. I've scheduled a long 
period of time to go over this unit because it takes a 
little bit of time for it to sink in. And often we go 
through it in basics we have to go over it in general and 
then try to work our way down to give us an understanding of 
concept and then we'll get down to some specific 
information. And then we may try to look at that from three 

or four different viewpoints and what we want to do is . 

I found at the end of last semester when we went through a 
review of this unit it took about ten minutes to review it 
and then — understand. Itiey recognize tiiat, that ten 
minute review was worthwhile because we spent four weeks, or 
how many periods in this case, during the course going 
through it in a very slow and careful fashion. Now in 
introducing this, ah, I'm not going to call this 
jiiotosynthesis. We have another title for this unit which I 
think much more indicates what we are discussing. And that 
is energy transformation. So far we've discussed the cell, 
x^hat it's made of, atoms and molecules. WeVe done a lot of 
chemistry and we have some understanding to the processes. 
Last unit we discussed previous to the cancer was this idea 
there are some transformations that involved in metabolism. 
Why is a cell living Lorna? 

Lorna: 

D: It was sort of that question on the test. equilibrium. 

Notice this desk is all combined together. Sam? 

Sam: Is it the transfer and exchange of energy within the cell? 

D: aK. Basically that's what you"re 

trying to say I don't want to — . Basically what we said 
or tried to conclude this by using a big work so it sounds 
more impressive, cells are alive because of their ability to 
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metabolize. Which meant exchange things wi.th their 
environment and make transformations inside. And that is 
the quote, condition for life. Olie ability to metabolize. 
Now the key concept to being able to metabolize is the 
energy for chemical reactions. We talked about enzymes and 
how they do their job and electrons and stuff. What we want 
to do now is step outside the cell itself and look at energy 
in general and this first introduction is a lot of theory. 

But if you'll pardon my using some terms that as I 
mentioned. A theory based on what we consider to be some 
laws. Which you were suj^sed to learn in chemistry. 
Alright, the first concept. I'm going to go through five 
concepts during this period, so by the end of the period 
there should be five things that you learn. O.K.? I'm not 
going to number these one, two, three, four, five. We'll 
just go through then. 

The first concept is a mathematical formula. Alright, what 
does that mean Dave? 

Dave: Um, the universe is made up of things that, I don't know, 
things that are alive? 

D: Dana. 

Dana: it's made up of everything. 

D: Pardon me? 

Dana: it's made up of everything. 

D: The universe is made up of everything? Lane? 

Lane: Ah, it's made up of living systems plus the surroundings 
around it. 

D: I did put down originally, it has to be be in a living 

system. You might as well jot down we'll be talking about 
... So what was that again Lane? 

Lane: The universe is made up of living systems plus the 
surroundings. 

D: O.K. Now let's come back co the shelf again. Dana, what 

was the universe again? 

Dana: It's everything. 

D: What's your concept of the universe, Dana? 

Dana: It's everything. 

D: Sort of everything that makes up everything. Is that 

what you were going to say? 
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Dana: 
D: 

Candle: 
D: 

Sam: 
D: 



Dale: 



D: 



Dale: 



Student: 



D: 



I don't know. 

Candle r where are you? What's the universe? 

Everything that's in existence right? Sam? 
Unir — system in balance? 

O.K. What you're talking about now you get into another 
concept* Everything r this everything is in balance as well. 
Is that what you're saying? aK. let's try and focus on the 
earth then. That's what we really like to focus in on then. 
Dale? What's in the universe? 

Space and all the things in it. 

Space and everything inside. That's nice. That's spaceship 
down or something? Space like this? Do you mean outer 
space? Or inner space? Is there anything is space? 

I said space and the 

Is there anything in space which is what you said. That's 
what I'm asking. Space is everything that is in that space. 
Is there anything in space? 

You're switching. In a space^ a space. There's nothing in 
a space. What he said was space. And there's nothing in 
front of it. 

The space. Dale, I'm not trying to make fun of you at all, 
it's something I've thought about a lot too. When is the 
universe? We use a symbol often to represent the universe? 
What's the symbol? Naja? Infinity, right? We use the 
symbol, don't necessarily write it down, but we use that 
symbol to represent the universe. As you all said. Dale 
said it best of all, as you've all said the universe has 
everything in it. It's very difficult to give just a finite 
position or statement on the universe because the universe 
is not finite. Alright, it's infinite. And so when ... I 
was, sort of playing on Dale's concept. Dale's concept is 
the same as ours. When you think of the universe ... you 
remember going through it as a little kid when you first 
learned your address. 115 or whatever, then Edmonton, 
Alberta, then Canada, North America, earth solar system, and 

the universe is at the end, whatever that is. 

elementary schools when you tell everything about 
everything. Ah, we use this term universe to talk about 
everything, get none of us really understand it, what the 
universe is. It's a concept that, that's beyond our 
understanding, because you and I understand things that are 
like you and I have barriers. It's got to fit inside 
barriers. You must don't understand it. It doesn't make 
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sense,^ We're talking about living systems that are found in 
this infinity/ alright. And we're going to be discussing 
some energy transformations as they relate to these living 
systems and so we need to bring down some boundaries if we 
can understand our living systems and the energy that's 
required to make this system work. So we use a little 
formula that stands for the universe, that's everything, 
whatever everything is. And that's why, when you said is, 
when I said is there anything in space, it's not quite as 
ridiculous question as it seems, what is there out in outer 
space where there's supposedly a vacuum? is there something 
in there that's not considered to be space? That's 
invisibly small, that's in another dimension? We start to 
get into philoscEiiy. We don't know. We just don't know. 
We do know something about living systems and they're fairly 
concrete. And so to make the formula work we say that the 
living system, which you and I have an idea of, we would use 
... We will talk about the sun to start with. That living 
system is definitely a part of the universe and everything 
that's outside of that, everything, plus this system is going 
to make up the universe. O.K. that's first of al?., then 
give us some boundaries definitions. The universe includes 
everything, this includes all the matter, includes all the 
energy because the universe is everything. Hiat can be 
broken down into a finite system which is made up of some of 
that matter which is going to use some of that energy plus 
everything that's going to be outside that system, that 
surrounds that environment. Outer space, everything, that's 
outside that. Make sense. Dale? It seems probably pretty 
trivial when you look at it right off the bat. Alright, 



aK. you're adding one more concept to this and that is ah, 
something to do with energy, if you want to just hold onto 
that for just a sec. Let's just talk about the matter 
portion. Matter can neither be created nor destroyed, what 
does that mean? Gerry? 

Well ah, there's ah a finite [Snount 

There's a finite amount of 

matter. 

And it can only be transformed — . 

O.K. it means there is x amount of matter. Is that what 
you're saying? 

Yr- 

And y^j can neither create it nor destroy it. You can make 
it a different shape or kind but you can't ctestroy it. 
There's a finite amount, is that what you think, Laverne? 
Is that what your concept of this law? 



312 



299 



Laveme: Ya, that's 



D: 



Which/ more or less? 



Laveme: well you can't just make more? 

D: You can't must make something from nothing I think we all 

have that concept/ right? Atoips have got to be there. You 
can rearrange them in a chemical reaction/ you can change 
the partners. You can't just make it out of nothing. 
Right? And &o we say there has to be a finite amount of 
matter right? what about your unit on nuclear energy? what 
about that unit? 

Student: We took food and 

D: You took foods and — I won't ask how many took the unit 

on nuclear energy. You probably did a unit on nuclear 
energy where there was a chemical reaction where there was a 
loss of matter in the reaction. Right? 

Student: The energy is transported. 



D: 



But your teacher said don't worry about that/ it's gone. 
It's just transformed into what? 



Students: Energy. 



D: 



Energy is what they say. it's just transformed into energy. 
Well what's energy? You've all read Einstein's theory of 
relativity. He gave a famous formula, what was his famous 
formula that you used to spout off in junior high to show 
how smart you were? 



Students: E equals m c squared. 



D: 

Dale: 
D: 



What's that? You don't know you just said it? 
equals m c squared? Dale? 



What's e 



Energy equals the mass times the speed of light squared. 

Energy equals the mass times the speed of light squared. 
What does that mean? It works. You don't ask questions. 
You just do it. Never ask questions/ never complain/ always 
obedient/ just always .„ You've heard that at home. What 
does that mean? In very simple terms, what does it mean? 
What does it suggest to you even if you don't know what it 
means? 



Student: Energy 



Basically it means there is some way of relating energy and 
mass. So when we say that matter can neither be created nor 
destroyed we just can't make something out of nothing and 
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you can't lose it into nothing. And now we're into a 
situation where it happens well there must be a relationship 
between energy and matter into which you can change one into 
the other. Maybe you get the concept chat energy is another 
form of matter, it's something to do with the speed of 
lightr we don't understand it but we're bound by it. So if 
we throw in some fantastically large speeds we can get into 
this concept of energy that none of us really understand 
because it's back up in here. Something that doesn't make 
sense to us. Ph, what we're trying to get at is ahr these 
laws as you said Tony are things that are supposed to happen 
in nature under certain circumstances. Right? A law is a 
phenomenonr which is another word used to describe something 
we don't really understand, it is a jiienomenon which always 
occurs under a certain set of circumstances, it's always 
the same. The law of gravity is always the same. You can 
measurer use it. We now know how to overcome that law or 
work around that law. You know we make space ships go out 
into space. We use some other laws. But these laws so to 
speak you will find, I hate to do this, is thoughts about 
unchanging laws, these laws we find we may not know all the 
laws. When we're playing around with energy transformation 
we have a bunch of pieces to a jig-saw puzzle, h\zt we're 

missing some of the pieces. I know when I tu , out my 

jig-saw puzzles it gets very frustrating when y :an't find 
all the pieces. Because there is that beautif i :ure but 
it's missing somethings, right? And you get fru \ci ?d. 
And that's sort of the way you might feel about this unit at 
times. Tliat some of the pieces aren't there and I'm sorry I 
can't give them to you, because we haven't found them yet. 
But I very much think there are all the laws to let us 
understand this available if we can just find them, this 
law says that matter can neither be created nor destroyed 
only transformed from one form to another and that includes 
energy. So there is a direct relationship between these two 
things. As we look at a living system that system can make 
some transformations between energy and matter eventually 
and continue to live. The first law then of thermodynamics 
said matter cannot be created nor destroyed, but only 
transformed from one jiiase to another. To give you an 
example of that, that is very effective (rubbing hands 
together) we can take potential energy and we can convert 
that into kinetic energy. We have transformed potential 
energy into kinetic. What have we done? 



Students: 



D: 



O.K., O.K., we can take something that isn't burning and we 
can burn it. And that's transforming potential energy of 
the substance into kinetic energy. What's the difference, 
quote difference you learned in junior high school? 



Student: Potential energy is sort of locked in. 
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D: 

Student: 
D: 



Jud/: 
D: 

Student: 
D: 

Judy: 
D: 

Judy: 
D: 



Stored energy. 



Kinetic energy fTs 



[stored energy releases food. Right? The term 
kinetic we've used to refer to movement right? So changing 
potential energy to kineticr we're changing a stored form of 
energy into a moving form of energy. It's sort of like 
taking an atom and speeding it up so it becomes energy. 
Whatever that concept is. In a nuclear reactor. Right? So 
we can transform , we can change different ah pieces of 
matter into different things by performing chemical 
reactions. But all this tends to be bound fcy the concept 
that under normal conditions you're not going to take away 
any atom and break them up and rearrange them. And this 
living system follows that law very well. Take a look at 
cells. You don't just create matter out of nothing inside a 
cell. And we don't lose it out of nothing, er lose it into 
nothing. The cell follows this law very obediently. You 
find nature by and large is very obedient. We wish 
sometimes people were as obedient. Ah, it follows the rule 
that says you can't lose matter and you can't create it. 
And so in the cell we find this law is followed pretty well. 
There's one other concept that's there that — she'd like to 
explain to us and that's the second law of thermodynamics. 
It gives us some understanding a little more understanding 
as far as energy goes, is concerned in relation to this 
first law. What's the second law of thermodynamics? This 
is the one that is really important for living things. 



Can everybody hear that? 
No. 

You'll have to say it louder. 

I said heat cannot by itself cannot pass from one body to 
another body, i. e., something ;that is hot cannot make 
something that is hotter than it, more hotter. 

Got that Rick? So what is another way of saying that Judy. 



She is saying that heat flows from hot to cold. O.K., time 
for me to again remind you of a chemical concept that heat 
lost equals heat gained. We've all gone through that. It 
doesn't go from the cold object to the hot object. It 
always goes from the hot to the cold. There's another way of 

writing this down but it another way of describing the 

second law of thermodynamics. Lorna? 



Lorna: 
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O.K. Ann go ahead. 

I just, I just, the heat goes to the cold object. Do they 
balance out completely? 

They move towards an equilibrium. Ah, sort of. Sort of. 
Instead of belaboring the point, which way is that Dick. 
The same word you didn't get right on the last chemistry 
test. What's entropy? What is it? You always like using 
these big words. What's entropy, Terry? 

It's v^en goes to randomness. 

0.K, Create randomness or everything moves to the situation 
as Ann said an equilibrium or a randomness. aiC, so things 
tend to become more random, as they move towards 
equilibrium. And what was equilibrium again? I asked this 
a long time ago. What is equilibrium? Sid? it was so long 
ago. Lillian? 

Um, a combination of . 

We've used the word as far as concentration gradient is 
concerned. Where we had equal numbers of particles on 
either side. In the universe all things tend towards 
randomness, naturally. What does that mean? Dave? What do 
you mean when you say in the universe, it's up here, all 
things tend to move to randonness? 

Well things try to spread out so they take up all the space 
and their own space at the same time. 

O.K. that is one theory that . That's there's a 

spreading out to try and fill the entire space. Basically 
what we're trying to say is everything tends to become more 
disorganized. Randomness is disorganization. It is the 
state of disequilibrium. It is the state of equilibrium 
where everything is spread out equally. There can't be any 
organization if it is spread out equally. 

But if it's spread out equally it's organized then. 

Ya, I suppose. You can take all the — page you have there 
and take a look at a page from you text and take a look at 
all those words on those pages and have them move toward 
equilibrium, or in effect shake them all up so they're all 
randomly distributed and they'll have organization that, 
that ah . 

? 

You do have a type of organization called randomness. 
Alright. Things tend to become less organized. Except 
where? Let me back up. I said naturally, and I tried to 
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BUI: 
D: 



emphasis the word In a natural conc3ition things tend to 
become more random, what effect does the natural have on 
this concept? Bill? 



What's the nature of this, 
at. 



That's what I'm trying to drive 



Student: Things that are forced to be, or do a certain thing. 



D: 



Student: 



D: 



Student: 



D: 



O.K. we're eliminating the use of energy. Is that what 
you're saying? As we talk about force. Things just happen, 
what I'm trying to drive at is that there must be a law in 
nature that puts everything toward equilibrium. We talk 
about laws of diffusion, we talk about osmosis as an 
expression of that law. Things move to, well all over the 
place. That would create a situation of randomness. Now 
did we find, as far as osmosis is concerned, that that 
always continued, as far as the cell was concerned, until 
there was equal concentrations? 

Well if everything's becoming more random, how come we have 
laws of nature? If it's random we can't really have a set 
of rules. 

You can have a set of rules governing the moon, the world's 
randonness. 

O.K. the whole universe is becoming more and more random, 
eventually there won't be any law. 

Eventually. That's true. And when we get to the end of the 
universe. When we get to an understanding there is no end 
is there? You can't eventually get to something if there is 
no end. So those laws will always exist, unless we find 
some other laws that might be able to overcome or supersede 
or change the effect. 0-K. What I'm trying to drive at is 
living things don't follow those laws. Living things don't 
become more disorganized, do they? Does the cell move 
towards disorganization, towards equilibrium? Did osmosis 
continue until the water was equally spread out on each side 
of the membrane? It stopped. And what did we call that 
situation where there was no net change? it wasn't 

equilibrium. We used the term, to give us some idea 

understanding. We talked about, and we used this term and 
there was another term that we used — . What is the other 
term? And both of these terms give us the idea that there 
is no net change. Fact that is was not equilibrium. It was 
not equal amounts on either side. There was no net movement 
of water. There W'is still more water on the outside than 
the inside. There was no net movement. Some other forces 
come into action. Just using that term, gives us the idea 
that to stop moving things towards randomness you have to 
apply some force, or apply some energy. If you don't apply 
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the energy what would happen? Sam? 



Sam: You'll have to go back. 

D: It'll follow this law. Unless you apply another law this is 

going to happen. Right. Now one of the other points I'm 
trying to drive at is, as far as this is concerned you and I 
as a living system, very small, very insignificant ... The 
length of our total lives on the earth is very small in 
consideration to what everything has been. Therefore the 
condition of life is momentary as far as everything is 
concerned/ is a momentary period of time wherein energy can 
be used to keep you from moving toward randomness, it's 
only momentary though. Because as soon as you stop applying 
the energy or following the law that says energy is used to 
do work/ or build or synthesize/ as soon as that stopS/ 
we'll have ... what happens to you? You stop utilizing 
energy. You die. What happens to you or the matter that 
makes you up? 

Student: 

D: What h^pens to you and all the atoms and molecules that 

make you up? 

Student: 

D: You begin to be broken down so to speak. And you move 

towards randomness. Right? Finally you've had this 
thought passed on to you before/ that the atoms and 
molecules that make you up are the same atoms and molecules 
that made up some plant at some point in time perhaps made 
up some other living thing. aK. Because we believe this 
first law that says you've got to recycle matter. So every 
matter that makes you up has got to have been from other 
organisms or whatever and it's just been re-used. And as 
you eat things/ you're eating atoms and molecules that have 

been aroijnd. O.K. and so the point that I make is, 

isn't it nice for us to be able to determine or use some 
other laws. That's why I say the jig-saw puzzle isn't 
complete. To apply some other laws and to say ya, life is a 
little more unique than these other laws suggest that it is. 
And the key concept is thiS/ that in order for you and I to 
exist we must take from the surroundings energy/ and use it. 
And as soon as we lose the abilit^r to take energy and use it 
then we will begin to follow this law . Yes? 

Student: How come you have — a closed system? 

D: Who said it's closed? 

Student: All our molecules and stuff go to form other organisms and 
we eat other organisms. And it's all being recycled* You 
can't have really have randomness because randomness works 
outside of them. 
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D: Wellf well it's like taking the words on your page. Shake 

them all upr you still have all the letters but it's a 
different rearrangement* And that's the concept I've been 
driving at as far as things are concerned, what I'm saying 
to you is, that is it a closed system? 

Student: Well ya^ well v^ere else would 

D: — transport energy that I mentioned in the nuclear reactor 

situation. Does the energy have to stay on the earth? Does 
the heat loss get into space? what is heat? We run into a 
problem here. Heat is supposed to be the movement of 
molecules f but as soon as we get outside the atmos0iere we 
say there are no molecules. There we go. Well, I had a 
scientist come in one time and try to tell us all about 
light. What it is. Now it was humorous because we knew 
just like he did that it's kind of hard to put your finger 
on. To find a definition of what it is. Is it a wave, is 
it a particle? What is it? The point I'm driving at is we 
call these laws because we see in certain circumstances that 
they^ that things appeared to do what this law says under 
certain circumstances. Change the circumstances and you 
mayf ... That doesn't mean the law still doesn't apply. 
It's just you've changed the circumstances , you've changed 
the players it may be different laws have a greater effect 
than this one. Before I get too far into this, but I want 
you to leave this by you saying in your mind that living 
things f the cell is capable of overcomingr or superseding or 
not following, the second law of thermodynamics for a period 
of time while the cell is, while the cell incorporates^ 
uses, transforms energy in order to do work. That is the 
cell as the basic living thing does work as it utilizes free 
energy, you're not moving towards randomness. You're moving 
away from it. You're moving towards organization. Now 
please keep in mind these are only some of the pieces in a 
jig-saw puzzle. They're not all there. O.K.? There are, 
quote, laws of nature. And the more we learn the more we 
realize that as you put these laws together to make 
different things it seems sort of silly to think you can 
overcome or destroy both the law of gravil^r, yet we see 
airplanes fly all the time, does that mean gravity isn't 
being obeyed? Well it is but there are other laws that are 
being used in that particular situation. 

Student: You say we don't follow ? 

D: Momentarily, quote, life. As soon as it's not living do we 

follow the law? Ya, we do. So this condition of life, this 
quote metabolism, the ability to metabolize means what? The 
ability to use, transform energy and use it. Alright? Does 
that make sense? If you and I didn't use energy we wouldn't 
be here. That's how important energy is. Now, I want to 
say number three. O.K. let's go on here. Now we're going 
to try and separate out the universe and take a look at a 
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Terry: 
D: 

Terry: 
D: 

Lise: 
D: 

Student: 
D: 

Student: 
D: 

Student: 
D: 



small part of the universe that pertains to you and aK? 
Mainly ... 

(end of tape) 

Where did sun come from? We don't want to get into that* 
It starts in the sun, as far as you and I are concerned. 
Radiant dinner. You'll probably run out of space too if 

you're drawing as big as I am. . . O.K. The sun 

radiates energy out into space. Part of that comes down to 
earth aK. What happens to the energy that hits the earth? 
That enters the atmosjiiere? Terry? Whatever this energy 
is. 

Some of it bounces back. 

Some of it bounces back off of v*iat? 

Off the atmosjiiere. 

Off the atmosphere. Bounces back into space. So it never 
does get to the earth, what else happens? Lise, what 
happens to sane of the rest of it? 



Some of it goes through the atmosjiiere. Causing molecules 
of the atmosjiiere to speed up, right? Very good. What else 
happens? 

It hits the earth once it gets to it. 

Some of it actually hits the earthr instead of being 
diffused in the atmosphere and begins to do something to the 
molecules of the land, the water. It speeds them up. And 
what else happens to that energy? It's absorbed? Is that 
what you said? 

It's used by the plants. 

O.K. it/ that energy/ also as it strikes the plants for 
example/ it's used somehow. O.K. And then what else 
happens to that energy? Then some of it bounces off the 
earth. Just like a mirror it's reflected back out. Right. 

Some of it is stored by plants. 

Some of it is stored. Before it ends ... Well what happens 
to it ultimately? Does it all go back into space? 
Ultimately. But for a while it's stored. Lane, of course 
is moving us back on track. Thanks Lane. Some of it's used 
by plants in a process we call autotrojiiic nutrition. 
Right? What happens at this point in the energy? in 
general terms. Anything happen to the light energy as it's 
incorporated and used by the plant? 
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Student: 

D: We said it was stored right. 

Student: It's incorporated — 

D: It's incorporated as you said into something. Right/ it's 

transformed. It's not light energy anymore. It's now what? 
It's now what we term food energy. Right. So the light 
energy is transformed into what we call food, that may not 

be the best way to it goes a little beyond food. 

Sandra/ what kind of energy does the light beccane? 

Sandra: It becomes potential energy. 

D: It becomes a form of potential energy called? Hiere's lots 

of forms of energy and this happens to be one of them. 
There are five or six different kinds. You said it made a 
molecule, it's stored in a food molecule right? And 
becomes a form of chemical energy because we're making quote 
food. And that food molecule that didn't exist before is 
being made by the addition of some energy; therefore/ it's 
stored as a chemical energy in the bonds between atoms of 
what we call food or the actual name is glucose. 0.K? Let 
me make a very important concept for you here before you go 
for your break. As we go from the sun down to the plants 
and as we transform light to chemical energy we should make 
a note that not all that energy is transformed into chemical 
energy as you mentioned some gets bounced off,, some gets 
absorbed by the earth and so forth/ and some of this is lost 
into space ultimately in the form of heat. And that serves 
to ... 

(end of period) 

Autotrophic organisms ah, plants; therefore we have a 
conversion of radiant light into quote chemical energy 
that's found in bonds of ah foodstuff. Alright so now we 
have chemical energy. Alright/ the process by which this 
takes place is the subject of this unit on photosynthesis. 
But what happens to the energy now since all things are not 
autotrojiiic? Jim? 

Jim: Our energy is taken from the autotrophs and 

D: aK. the consumers which we will group together as the 

heterotrofiis. It's probably not the best way to write this 
down but you get the concept. I can carry on with 
heterotrophic nutritioa Now/ what happens as far as energy 
is concerned in the heterotroph? We take this energy that 
was one time sunlight and is now in the form of chemical 
energy and vAiat happens to it Holly? 

Holly: 
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D: 

Student: 
D: 



Student: 
D: 

Students 
D: 



Dick: 
D: 

Dick: 
D: 

Dick: 
Sam: 

D: 

Student: 



O.K. quote bum. O.K. Try not to think of a flame. 



Excellent, aK. it's chemical energy but it's stored. 
Eight, so that's potential and I'm sorry you can't all see 
that over there , but you heard it. That chemical energy was 
in the form of potential, it was stored in a molecule which 
we will learn was glucose and its derivatives. And what 
happens is that energy is transformed into chemical energy. 
But now hopefully in some way, shape or form into kinetic 
energy or it's used. And we will talk about the utilization 
of chemical energy later on. So we get an idea that some of 
that energy. Does all of this energy end up down here? Why 
not? 



How do you know sane of the energy is lost? 



Well that was lost up here, right? We talked about how it 
was lost. Not all of it got to the jilant. Some of it was 
reflected back into space, some of it was absorbed into the 
atmosphere. So a portion of quote, all the energy in the 
sun, was picked up by the plants. My question is, is all 
the energy that was picked up by the plants converted into 
chemical energy? Is that passed on to heterotrophs? — . 
Dick? 



Dick said some of this energy might get burnt like in a 
forest fire. 

No. The plants will get burnt. 

Oh, the plants will get burnt in the forest fire and then 
it's lost into space before we can eat the tree. 

Yup. 

Um wouldn't it take energy to convert energy into chemical 
energy? 

Another good question. Isn't there some energy used in 
converting light to chemical energy? Ah, I like Dick's the 
best. 

The way Dick's goes it doesn't even get to the heterotrophs 
so — 



D: 



But, but I described it — hung up on the sports car part 
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o£ it* Dick's idea was, was a good idea. What he was 
saying not every single autotrogii is eaten by a heterotroph. 
Some of them live nice and quietly in the forest and just 
die. And if they die what happens to them? They're broken 
down by bacteria and some of Uie energy is lost into space. 
Lost in spacer that was a good movie. — And you get more 
energy. 

So the point that I'm making is that heterotrophs obviously 
derive the energy tiiat's needed for them from the 
autotrophs. And depending where you are in that food 
pyramid you're going to get more or less energy. Depending 
on how many things you have to go through to get the energy, 
because at each stage the energy is transferred some of it's 
lost. So all you meat eaters r that's why you're all going 
to become converted to vegetarians. You want to get the 
direct source of energy rather than go through some cow. Ya 
that's right. Never thought of that. So much for 
Macdonald's at mid-term breaks. . 

Student: Does that mean you have to consume more? 

D: That would mean you would have to consume more if you're 

further away from the source of energy to get a certain 
amount. Ya that's right. 

Student: Would that [ah... 

D: Does that nean you'd get fat? No. 

Student: Would that have an effect on the size, over a period of a 
million years, on an animal? 

D: This is getting back into Biology 20, It's been a long time. 

Yes there is going to be an effect on the size of organisms. 
That's why there are fewer organisms at the top of the 
pyramid than at the bottom. Because they are further away 
from the source and there isn't just enough energy to 
support than. Dick? 

Dick: Does that mean that you could eat less if you just ate the 
plants? 

D: Well that's what some vegetarians think. But they're all 

skinny giys. Alright from the heterotrophs what happens to 
energy? Is it passed on? 

Student: Ya. 

D: How? 

Student: Well you can pass it on to another heterotroph. 

D: Ya, but this is the whole pyramid. What happens to energy 

here? Isn't it the end so to speak? From here this is 
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quote for you and I, let's be specific. This is life. As 
long as it's coming down here we're alive. Once it gets 
broken somewhere we would die. Because the ecologists think 
— affecting all this population will have a net effect on 
us somewhere down the road? Well as long as we're getting 
it we don't mind. But when life is over whatever energy was 
possessed in the body as far as building things up is lost 
in space as we're broken down. Basically it's — . 
Alright, the process here that — spend another week or son 
on, whereby this potential energy is released so that you 
can use it and do all those cellular processes is of course 
respiratioa Whether it is aerobic or anaerobic we will be 
looking at respiratioa How do you get the energy, how can 
you use it? I think you'll see this unit, as far as energy 
transformations is concerned, takes from now until the end 
of March. If we look at the whole range of energy 
transformations. We're going to do energy transformations 
number one, which is photosynthesis. Once we get through 
this we will go to energy transformations number two, which 
will be^ cellular respiration. O.K.? Any questions? [3 s 
p] Alright concept number one, concept number two. Very 
important that living things in effect use energy so that 
they don't move toward randomness. And number three gives 
us ^ some idea as to how energy does flow towards these living 
things and how they use the energy in order to live. Now 
with respect to the matter there is also a flow of matter. 
As we teach it to you. And I threw some questions in on 
that earlier on this week. As we teach it to you we tell 
you there is a cycling of the matter. That there is a finite 
number of hydrogen atoms that have always existed on the 
earth and at least exist now and they're being re-cycled. 
Being used over and over again in different things, right? 
So this energy flow is a one way flow. We're moving from 
the sun which releases energy, that energy we can call free 
energy because it is available to do work as far as living 
things are concerned. Or moving away from that free energy 
toward entropy or randomness where we don't have ttie ability 
to use the energy. Now, as far as matter is concerned we 
look at a cycle especially as we look at processes from here 
to here. What's one of the substances that's cycled? — . 
Natural cycles? What was one of the substances? 

Student; Nitrogen. Oxygen. 

D: Nitrogen, oxygen. Autotrophs evolve oxygen. They release 

o:^gen. What does a heterotroph do with the oxygen? 

Student: . 

D: It does something. Forest fires, whatever, burns it and 

releases energy, right? And when you breathe out, you're 
breathing out something that wasn't there before. At least 
in the same concentration. You're gettjjig rid of something 
called carbon dioxide which just happens to be used by the 
autotroph. And that autotroph takes the carbon dioxide and 
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puts it together with something else that animals want. 
That other things give off. And that is water and it uses 
that carbon dioxide and what does it make? Well it 
makes that food thing that we were talking about earlier on 
which we called glucose but I'll just draw it as a 
carbol^drate. And that thing is used by the heterotrojii to 
get the energy. And so we have basically four substances 
that appear to be cycling between the autotrojii and the 
heterotroph. Plus the key in that is the energy. Now that 
flows one way. So energy flow is unidirectional. Matter 
flow is cyclical. NbW/ got all that? Now why are living 
things living? Why are living things appear not to follow 
directly/ at least while they're living^- quote these laws of 
thermodynamics? Well/ why don't living things appear to 
follow these laws of thermodynamics? what do they do? They 
go against this law that says things move towards 
randomness. — . 

He said because they're capable of transforming energy and 
using energy. O.K.? That's what this whole unit is going 
to be about. Transforming energy and then using it. By 
unit I mean energy transformations. OJC? Now we spend a lot 
of time on these two processes and you're goin' to ask 
yourself who are those crazy scientists that print all this 
information so we have to learn it Ah/ and the reason we 
do it is thiS/ in order to appreciate the condition of life, 
the condition of bein' able to metabolize/ we should be able 
to appreciate very much the role that energy plays in 
allowing us that condition. Like when you were in junior 
high you watched the film — . Turn off the sun and it 
won't take very long before — . Because it is the major 
source of energy. Most of you don't really have a whole lot 
of interest in plants/ but very much interested in how 
they make food. So that I can have some source of energy to 
live. The whole process/ which means we will be looking at 
plants/ how they're made up, how all this takes place plus 
the chemistry part of it is very important. Very, very 
important. — . Now these are the three major concepts 
that I want you to get. The whole is all about. There are 
two concepts that we haven't covered that I like to talk 
about now at the beginning because it tends to make a little 
more sense now — . And these two other sections are 
closely related to each other. And they related to the 
system by which the energy is transported. Now you've 
heard this term before and I mentioned it once and said we'd 
coire back to it to talk about it a little more. 

We're going to talk about this chemical energy. There is a 
molecule in living things that acts as transporter of 
energy/ chemical energy. It's called? Can anyone remember? 
ATP/ right? Over here when we talk about energy coming from 
the sun and we will find as we go through this unit that if 
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that energy can be converted into light energy and chemical 
energy then living things use the energy. They don't use 
energy in the form of light. This system of transporting 
energy then could potentially be a product of autotrophic 
nutrition^ if the cell can produce ATP then it has 
converted light to chemical energy and that ATP can be 
transferred from plants to animals and we could live very 
nicely. Which means this is a molecule that is produced 
from this process. Or it could potentially be produced from 
this process. Alright ^ and so as we go from here to here we 
talked about food being transported but we should also talk 
about ATP as a molecule being formed to transport energy. Now 
what is ATP and then we'll talk about how it's used. This 
is a veryr very important molecule as far as light and the 
ability to metabolize is concerned. This is the basic . 
molecule that carries the energy by which the cells in your 
body are capable of metabolizing food. And ATP is adenosine 
triphosphate, you have the chemical structure — . But 
what this isr and you'll recognize this, is a molecule 
called adenine bonded to a ribose sugar molecule bonded to a 
phosphate groupr bonded to another phosphate group, bonded 
to another p^iosphate group. Recognize what that is? 

Student: — . 

D: Very close, very close. If I cover this up what is that 

molecule? That's a ribonucleotide. 

(end of tape) 

If there's ADP and if there's phosphate and if we throw in 
energy we can charge it so to speak and make this. Ihe 
process goes in this direction is called ptoosEiiorylation. 
Which means adding a phosphate group, a high energy 
Eiiosphate group to ADP, producing ATP is a ^osjJiorylation 
reaction. It's a reaction where we produce an energy rich 
molecule from a molecule that was lower in energy. You'll 
never guess what it's called going the other way. 
Dephos^iorylation. Alright, now what happens if I ripped 
off one more phosphate? what would I be left with? I'd be 
left with adenosine monophospiiate. This was ATP, this is 
ADP and as I've gone down what have I done? I've changed 
one to the other. I've lost energy here. Is there energy 
here? There has to be or otherwise there wouldn't be a 
bond. It's less than here — . Alright there is less 
energy, as you go from here to here to here there is less 
energy. It is harder to do but if you go from here out to 
here what are you going to do? Store energy. So the 
concept that we're trying to drive at is this molecule is 
energy and as it moves it's got energy available to release. 
Normally you look at it here. That's the normal situation. 
Now this process becomes fairly important as we apply it 
over there. If this energy is light energy, like when we 
talked about photosynthesis, what is this process called? 
If this is light energy that is used to build this plus the 
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amount of energy what is it called? Jim? 
Jim: PhotophosjSiorylation. 

D: Amazing. Photophosphorylationr that's right. People say 

you're smart but they don't — . So photophosphorylation 
would be the process if this were light energy. What if 
this were chemical energy? What would that be called? What 
if it were electrical energy? well that would be carrying 
it too far. What I want to talk about in this unit is a 
process called Ehoto0iosphorylation. it just means using 
light energy to produce an energy rich molecule called ATP. 
It is a phos^iorylating process where you add 0ios^ates. 
CXK? — • Alright where are we then? Any questions about 
this system? A very, very important molecule, it is the 
basic molecule that transports energy in both animals and 
plant cells. There is one other carrier molecule that we 
want to mention. And this is part of the, this is part of 
^ what I like to call part of the electron transport, 

transmitter ... You remember we talked about the two types 
of chemical reactions that take place in living things. 
What are the two types of chemical reactions that take place 
in living things? — ion exchange and redox, right? We 
said the ion exchange were those reactions involving the 
transport, transfer of electrons. Acid base utilization to 
maintain a constant pH type of reactions and then redox 
reactions. And how did we classify redox reactions? They 
were — involve electrons being transferred from one thing 
to another. We went through all the oxidation reduction 
reactions. What kind are they? They are the energy 
reactions. Right. We're going to talk about energy here so 
we have to talk about electrons and hydrogen and the 
transport of electrons and hydrogen from one to the other. 
There is a molecule that acts as a transporter of hydrogen, 
it's called? Nicotinamide adenine dinucleotide or otherwise 
known to its friends as probably — . You also have a 
chemical formula a structural formula in I think it's 
chapter eight of your text. I wouldn't spend a whole lot of 
time memorizing that. This is a very interesting molecule 
because it is like Dale says a cousin, not to Dale but to 
ATP. See this particular molecule just happens to have 
adenine in it, just happens to have ribose sugar in it and 
just happens to have a jiiosphate group, it's a lot like 
AMP. Mow to m;ake ATP what did we add? Well we added some 
I^osphate groups. Well it just happens to be a phosphate 
group and because this a cousin this is a little bit 
different. Instead of a E^iosE^iate group there is another 
ribose sugar. :>fow that should take care of the adenine and 
most of the dinucleotide. We said two nucleotides. Well 
this is one of them and this is part of the other one. And 
you'd expect there is something bonded to the ribose sugar. 
You'll never guess what it is. Well what's left? 
Nicotinamide. Like that. aK. Nicotinamide. This 
molecule is a lot like this one, very similar. A little bit 
different. This particular molecule transports electrons 
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Sid: 



away from, transports electrons and/or hydrogen away from 
substances and towards oxygen. Mright — . it transports 
electrons and/or hydrogen all depending, we'll talk alDout 
how we're going to use them interchangeably, it transports 
these towards oxygen or towards a strong what? — . a 
strong oxidizing agent. Now in all the literature that I've 
read there is another form of this. It has an extra 
phosE^ate group in here. So you'll never guess what it's 
called. Nicotinamide adenine dinucleotide phosphate. NADP. 
Just so you won't get confused with Northern Alberta Dairy 
Pool in the course and in your textbook and that's the major 
reason it never talks about NftDP. it always uses NAD, 
whether jt Is this form or whether it is with tt^e extra 
phosphate. The major difference between them is where the 
hydrogens and oxygens go. is it going towards oxygen or the 
strong oxidizing agent or whether is going away from oxygen? 
Excuse me the oxidizing agent. — . So this is the major 
system we'll keep in mind. NAD. You might hear it in some 
of the audio-visual stuff we might do. It's virtually the 
same thing. NAD and NADP are virtually the same thing. And 
potential for carrying hydrogen. And so this particular 
molecule then will move electrons or hydrogen — . I'm sure 
the reason that Sid said this shouldn't be a B, instead of 
an N is because he knows something more about this than the 
rest of us. What is that Sid? 
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D: Sid just happens to know somewhere down in his subconscious 
that I suppose a B would be O.K. but it doesn't fit with the 
NAD so we put in. This thing is one of the B vitamins. I'm 
sure Sid was trying to spur us along — . So the reason I 
mention that is it gives you a little added reason to 
recognize why you should take a serious lock — . Make sure 
you get . This is one of the products. 

Five concepts that only took us two periods to get through. 
Five concepts that I want you to grasp from the beginning. 
And I know I have probably spent a lot more time than I 
should have. I really think it is really important to get a 
basis. It is unfortunate that you've got this unit and you 

start off with not slightly confused but . It make 

it much more difficult. Five concepts. Number one, the 
universe, whatever that happens to be, everything is made up 
of the universe. A very unique condition plus everything 
that's around it. Life is a very unique condition found in 
the universe. Number two concept. That there are quote 
some laws some rules that govern the interactions of things 
in the universe that all things under specific conditions 
follow. The first one of which we already know. The first 
law of thermodynamics that matter can neither be created nor 
destroyed, that energy is constant. As you transfer energy 
from one thing to another there is a loss. aK. that 
concept which gives us some degree of finiteness to 
understand. The second law that says everything moves 
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towards randonmess. ihere are important laws that govern a 
lot of these reactions that take place right? Diffusion and 
osmosis take place because of this. The third concept which 
make life unique that was in this one-way flow of energy 
there is a unique condition where we cycled matter and we 
utilized the energy to go up against randomness or 
disorganization and actually build things up. And you grow, 
and that's the wrong way. That's not towards 
disorganization. You become more complicated. Alright, 
under natural laws and you've probably had this explained to 
you a thousand times before. How many chances are there 
according to nature in which you can take all the parts of 
your watch, throw them in a box, shake it up, and when you 
open the box there's your watch? 

Student; It could happen. 

D: According to nature that's not natural. That's not 

according to the second law of thermodxTiamics. Things don't 
get more organized they get more disorganized. But life is 
a situation where things do get more complicated. A human 
being is a very complex organism. We started out as one 
cell, not very complex in relation to what you are now. So 
some where in this flow of energy there is a unique position 
where matter can be cycled, which is sort of a side point. 
It gives us an intro to fhotosynthesis. But where energy 
can be used to build up things, a synthesis. You and I are 
very unique in that respect. Life is a very special thing. 
It's hard to describe what life is, but the ability to 
metabolize is a very special ability. So this process by 
which you and I metabolize by which and get this energy is a 
great process. Because eventually we're going to die. We 
all are. And everything will fade away. And whether that 
ever ends I don't know. That's getting back into i±e 
universe again, so you'll end up someday in the universe. 
But you and I don't know now, this is food for thought, is 
this an eternal cycle? An infinite cycle? Does this 
randomness become organized? Again — , That's the third 
concept. The fourth and fifth concepts are back to the more 
mundane. That is in the living system there are some 
transporters there are some things very highly evolved in 
this energy transformation. Two of which are ATP, essential. 
I don't know on how many tests you will find this that we 
have asked, tell us all about what it does. It is a very 
important molecule. And NAD which is really important in 
the transport of electrons and hydrogen. Here we have 
simply^ quote energy, transported into a molecule between 
phosphate and the molecule. Here we have the transport of 
hydrogen and electrons. Uiis will help us understand how 
matter is cycled. That should do it for today's class. 
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A: 
B: 



B: Ah, if something catches my interest as we go through, ah then I 
may vary it and pick up on one of those items. O.K., ah, just 
for some background can you tell me, ah did you graduate with a 
B.Sc. from the U of A? 

No, I have a B.Ed, and M.Ed, from U of A. 

And so, in your biology training what kinds of areas did you 
specialize in? 

A: Ah, it was really a general picture, sort of. Botany, zoology, 1 
genetics, ah, 1 chemistry course and no physics so, some math, 2 
maths and some music. 

B; So a very broad range then. Have you done any scientific 
research? in biology or chenistry or ai^1±ing? 

A: No, not in the professional sense. Only as projects in my 
courses. 

B: In your classes. Alright. In, how long have you been teaching 
biology? 

A: Twenty, 19 years I guess. 

B: So, in have they all been here in Edmonton? 
A: Yes, since '64. 

B: And so, you would have been what, teaching Biology 30 for almost? 
A: Almost since the start. I started teaching Biology 30 in '65. 
B: Um, huh. 

A: That would have been the fall of "65. 

B: Alright. Did you end up taking any specific courses in either 
the history of biology or the jiiilosophy of science at 
university"? 

A: Not in history of science. Um, just a senior level science 
curricula course offered by Dr. Nay and at that time Dr. 
Jacknicke. Um, that was 580 or something like that. I forget 
the course number. 



B: 
A: 
B: 



I don't 



know. 



JCt was a seminar for grad students, in ah, science. 
And what, th^ dealt with the philosophy of science in that or 
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Yes. 



I remember Schwab and some of those people we discussed in a 
seminar setting. 



and 

No. That has shown up 



B: Did you get into people like Karl Popper 
A: 

since r as far as my reading is concernedr 
B: How about Kuhnr Feyerabendr Lakatos? 
A: Don't renCTiber any of those. 
B: Any of those people? 

A: The only reason I recognize Kuhn is what I've read since. I 
can't rememberr that would have been back around '69 or '70 I 
guess. 

B: Right. Like Popper was back in the '20's and '30's. 
A: I don't ronember. 



B: Kuhnr his book came outr the original one, in '62 or 
A: 



something so 



They should 

have been part of it and maybe they were but I've just forgotten. 

B: Wellr I would suspect that they weren't part of it. When did you 
do that class? 

A: '69. 

B: '69. I suspect that it is something that has come to the 

university more recently than that. Wellr now what about any 
nature of science? Do you make a specific point of dealing with 
that issue in your biology classes? 

A: I do for about two periodsr one and one-half to two periods at 

the beginning of the course and my thrust at that point is simply 
to say we are limited in what we can study in this course. 
Science is a limited way of knowing and secondly it does not 
produce truth. And those are sort of my two thrusts. Um, so if 
we run into ideas in this course that seem to be in conflict with 
some other ideas we have, the student has picked up along the way 
from a different way of knowing^ it does not necessarily mean to 
say that what we're learning here is sort of ahr more or less 
true than what you've learned in some other area. In a sense you 
can look at the world from different angles and see it from 
different perspectives and both are legitimate. And I'm trying 
to reduce the level of threat^ particularly keeping in mind those 
students in the class who come f romr from ahf a world view 
greatly influenced by fundamentalist Christianity. 

B: Right. Do you identify that as the nature of science to them? 
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A: 
B: 
A: 

B: 
A: 
B: 



A: 
B: 
A: 
B: 



A: 
B: 
A: 



B: 
A: 

B: 



I'm not clear on what you're asking? 
. Wellr v^en you're (Sealing with that material in the [class 

Oh/ Yes, I 

see whal: is science. 
Do you entitle it that? 
Yes. 

Because/ interesting enough when I had them do those questions 
for me this morning I had heard that you had done this with 
classes and I don't know if you had actually gone through that 
material with that 30 class that I had observed. But I mentioned 
your name and Smith and Jones as three people who I had heard who 
do this. And I said if they had specifically had this 
instruction given to them they should indicate on the sheet. And 
when I went back to the university I looked at those forms and 
not one of the students out of this class indicated that they had 
that material from you. 

Not ore? 

Not one. 

It isn't getting through. 

I think it is getting through in some of the discussions that I 
had with certain individuals in the clasS/ but with others I 
would say it is not getting through. So, that was interesting. 
The other thing that I noticed about those forms was compared to 
the other two classes many of the students in here have not had 
any chemistry or any physics. And that was just an observation 
on ray part. You know I'd actually have to sit down and count. 

No Chemistry 10? 

Not even/ in several cases / not even Chemistry 10. 

That's surprising. I would think there'd be only one but again 
ray memory/ I get this class confused with the one I had last 
semester so ray experience is that students coming into Biology 
30/ out of a clasS/ one or two come without any chemistry in high 
school what so ever. Sometimes that's because they have 
transfered in from another [province. 

Province or something. 

Many of them come in with Chemistry 20 and at least a third of 
this class has Chemistry 30. I find it very puzzling/ the 
response here. 

I can actually go back and count but I just sort of skimmed 
through the file and there were quite a few that had chemistry 
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but there were quite a few that indicated they didn't have any. 
And physics was [^finitely 



Well/ that doesn't surprise me. 

very low. Now, something that you have done in the class that I 
noticed was you made a specific point of teaching the history of 
biology as you went through that section. And do you normally 
make a practice of doing that? 

I would say that on this topic I normally do. And on this 
particular topic, for some reason I emphasize it more than other 
topics. Because the book presents quite a few men in the 
treatment of the subject and secondly I guess I find it an 
opportunity to see progression more clearly than in some other 
fields. Maybe just because I'm aware of it. But you can see how 
ideas grow. Starting quite early and how they progress and 
become more and more complex and more complicated. And how the 
level of experimentation then becomes more complex as time 
passes. I think it is an opportunity to point that out. Whether 
the students get that I don't know, but I definitely was trying 
to say a K. the first questions that were asked and the way they 
were answered was certainly different than the questions being 
asked now and the way they're being answered now. Or the way 
answers are being sought now. Starting off with simply growing 
plant versus radioactive tracing. 

Alright. Why do you feel that the history and the philosophy 
behind those experiments is important to offer to the students? 

Well/ I suppose one reason is to show that curiosity concerning 
nature has been around for a long time. It isn't something new 
and that it communicates something about how we satisfy that 
curiosity/ how we go about finding answers in terms of performing 
tests. And another reason I think it sort of relates to where 
cur high school lab work is at in terms of historical development 
of the subject. Hiat has intrigued me somewhat. The kinds of 
experiments or tests we do here as demonstrations or whatever are 
representing the kinds of tests and experiments that have been on 
the books for maybe a hundred years or maybe more. And where 
science research is at at this point in time in terms of doing 
experiments that represent the forefront of where science is at. 
Oliis is so far removed from what we can do in the high school in 
many ways. I would like to see the students sort of in their 
own learning experience moving through history. We start off 
with concepts that are maybe two or three hundred years old and 
now we're working in an area that represents where science was 
about one hundred years ago in some ways. And to get up to the 
fringe/ to get up to the frontier of where science is now/ the 
kinds of questions they're grappling with will take some more 
work on the students' part. And maybe they don't want to wish to 
go there. Another idea, I mean to pursue it that far, to get up 
to the edge of knowledge so to speak. On the other hand you can 
point out where the edge was a hundred or two or three hundred 
years ago, well they have moved past that they already know more 
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than what the general public or what the general science 
community, shall we say, knew at that time. That's kind of 
interesting to see yourself in history terms. 

B: Do the students pick that up? Do they get that feeling do you 
think? 

A: I wouldn't know because I don't test for it in that sense. And I 
don't discuss with them individually after. Maybe this is only 
in mjr own mind that, so I guess it's sort of like spreading your 
bread on the waters and you don't know where it is really going. 
I don't make a point of checking. 

B: So you have something other than just, or you have a reason other 
than merely presenting the history as history? There is an 
objective behind your presentation of it? 

A: I don't see any value in learning Priestly's name and the date 
unless I'm using that to communicate progression or how knowledge 
grows or how knowledge becomes more sophisticated or something 
like that. I don't see any point in just saying well, dut, dut, 
dut, through history with names and dates. No. But whether the 
kids are catching that I don't know. They probably say well I 
have to learn Blackman's name and I have to learn Priestly's name 
and I have to learn what they did and they don't see any value 
beyond that perhaps other than it might be on the test. I'm 
always confident that my brighter students, I shouldn't say I'm 
confident, I'm hopeful that my brighter students are 
participating in that, shall we say, second or third dimension to 
what I'm doing and enter into the larger ideas that I'm working 
at but maybe that's assuming too much. But the kind of feedback 
that I get from eye contact or facial expression or simply 
attention tells me some of them are travelling with me in that. 
I sure don't think the majority are. That doesn't worry me, 
because a heterogeneous class one has to deal at several levels 
and I would see that if I can engage three or four or five at 
sort of the broader picture I'm working at, fine. 

B: Alright, I'll change tack here. Can you tell me what you think 
biological Itnowledge is? What is it to you? 

A: Well, I think it is an accumulation of ideas or concepts that 
about living things, that have been developed over several 
hundred years. That's one thing it is. Secondly it's, you're 
talking about biological knowledge? 

B: Um, huh. 

A: Well that to me represents a body of information, but there is 
another dimension that would include the methodology and I'm not 
sure, I wouldn't put that under the heading knowledge in a sense. 

B: What would you put it under? 
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A: I don't have the, well it's a way of knowing. It's a way of 
seekingr it's a way of searching. And it also delineates or 
defines the questions you're asking when you say biological. 
You are asking questions about the certain aspect of r of what 
this world represents and you're ignoring a lot of other things 
this world represents. SOr biology would be a broader term which 
would include methodology^ the kinds of questions you're asking. 
Ahr in contrast to saying biological knowledge^'that to me carries 
a more limited definition that would include for me primarily 
content or information. 

B: aiCr you said something about an accumulation that has gone on 
over the years. Oliat's important to your conception of 
knowledge? 

A: I think it grows and changes , ya. It is an ongoing, this package 
if you like, or sack full or bag full of information keeps 
turning over or keeps changing. It is not a static thing. It is 
a dynamic thing. It keeps growing and changing. 

B: aK. and the other thing you wanted to contrast that with was 
biology as a way of knowing. I hadn't thought of it in those 
terms. So, I understand how you made a separation but on the 
basis of... For you biology would be a more encompassing word? 

A: Yes. 

B: Alrightr in that case, is this biology or what I would term 
biological knowledge because I would tend to lump everything 
under the one word, is that a reflection of the world or is this 
created by man? 

A: NOr I think it has a smattering of reality, but a very, very poor 
picture. 

B: In what way does it resemble reality? Or reflect reality? 

A: Well I think on sort of the crude sense, bumping into a tree 
communicates something that is real. That is outside my own 
skull. The tree has separate existence to me. It is not a 
figment of ray mind. And therefore, I do feel somewhat confident 
that there is something to treeness or something about treeness 
that I can know. Now, what I know, or my conceptions about what 
a tree is, certainly is very limited and I'm seeing that through 
a cloudy glass if you like. Well I think I have some notion, a 
little bit, a glimpse of the world out there and it isn't all the 
world within my skull. 

B: But are your conceptions of say xylem and phloem, is that 

something we have created as biologists or is our conception an 
actual accurate reflection of the structures we call xylem and 
phloem in trees? 

A: I would say, I guess have to say that xylem and phloem exist 

apart from me knowing about it but what I know about, words that 
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I use to describe it is very much a part of ine. 

B: Alright^ That's the kind of question I'm asking. I wouldn't 
dispute with you that xylem and phloem exist outside of our 
existence. 

A: They don't go out of existence when I go to sleep or don't think 
about them anymore. They still exist. What my eyes perceive 
when I see sylem through the microscope is certainly subject to 
interpretation. I've learned that because what students see and 
what I see can be so different. So what I bring to bear on that 
^lem from my experience is quite different than what a student 
brings to bear. And they don't maybe see the spiral thickening 
like I do. They don't see it in the three dimensional pattern as 
I might* But what they seer I really don't know what they see 
and therefore we have trouble communicating about it. Butr there 
certainly is that individual aspect to describing and 
interpreting what lies out there. But I have confidence when I 
ask a student to make a cross-section of cell^ to look at :ylem 
that more or less all of the students will have the opportunity 
to see the same thing. Now what they do with that opportunity 
will depend on what they bring to that occasion from their 
experience and their skill. But on that slide under their 
microscope there is more or less the same thing around the room. 
I don't know if that speaks to how you view things? 

B: You're telling me thatr I guess what I'm doing is interpreting 
your conception of biology so that it is separated into the 
factual component if I can use that word^ plus biology as a way 
of knowing r a methodology. 

Um^ huh. 

And in terms of that factual component some of those structures or 
those actually do exist but our interpretation of them is 
dependent upon our experience r various factors and so you and I 
may see the same object in reality but we will interpret it 
differently. 

A: Yesr definitely. 

B: Alright r now do tlieories accept what we accept as biology? 
A: Do you want to give me a for-instance? 

B: O.K.r what I want to try and get at... Can we have what I would 
term biological knowledge without having theories or do we 
always have to have theories to consider this material as 
biological knowledge? 

A: I really don't know if I can address that because I'm not clear 
on what's going... Let's see. So if we have a theory of 
evolutionr let's sayr do I need the theory before I perceive 
change? 



A: 
B: 
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B: Right. Oiat would be an exait^ie. 

A: Would I not see change if I didn't have the theory? 

B; Right. 

A: Which comes first is what you're asking. Observation and theory 
I guess. And for me personally? 

B; Right. 

A; Or put it in the unfolding of science as it has occurred over the 
years? 

B: Try it for you personally and then if that differs for what you 



perceive as having happened in the science 



then 
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A; L^his depends on my 

creativity I think. I find it much easier Tor myself to once 
having had the idea^ or having been exposed to the idea^ then to 
see evidence for it when I'm out looking at the worlds or looking 
at nature. But I think other are minds around whor when they see 
nature they start putting ideas together that we would say would 
eventually end up in theories. But for me it is much easier to 
go the other way. To read a theory, or to learn about a theory 
that somebody has put together or a group of people have put 
together and then to start seeing the world from this 
perspective. And then it makes sense to me. Do you want to ask 
the original question to see if I'm speaking to it? 

B: aiCr what I wanted to know was whether or not the theories we 
have about biologyr do they affect what we term biology? What we 
include in biology? 

A; YeSf I think they do. Given this very extreme case of are 
species created specifically or are species evolved gradually 
over time. I think r depending on which one of those you espouse r 
you'll certainly put together your body of information in a 
different way. And I think this quite evident in the way 
textbooks are put together. 

B: Nowr if that's the case is that how science has developed over 
the years as well? Hhe theory is generated and we then apply it 
to science? So that man has created these theories and he is 
causing science to be interpreted in a certain way? 

A; Wellr how can I say? I really can't put myself into the space of 
an individual scientist and know how he is really going about 
collecting his data, or what kind of blinders he has on when he 
is looking at the world. I can only speak for myself. But I 
think I do represent humans. I'm a human and I would then say 
that other people probably function somewhat as I do. therefore 
on that basis I would say ya, I think scientists probably are 
seeing the world through glasses that are tinted by their 
theories. But I think the scientific community is so large and I 
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think that it is international to the extent that people come at 
the world from different angles that there are built in self 
correctives^ And from what I see in magazines and so on I would 
probably think that there is a safe-^ard there. That people 
have to adjust their glasses and clean thm now and then. 

B: Do you end xjp giving that idea to the students in your biology 
class? Would that be one of the issues that you would address in 
the nature of science? 

A: No/ I can't identify anything I've done in the last month and a 
half that would sp^ to that directly. No, um, probably because 
I don't know enough about history that I could come up with 
examples. If you would pressure me right now and say well 
illustrate some knowledge we have has been sort of greatly 
influenced by a theory and therefore you see it presented only 
this way in the textbooks I'd have great difficulty doing that. 

B: I guess what I'm really doing is asking whether or not you think 
science is affected by social factors? 

A: Oh/ definitely. Now how can... That's a gut feeling I have. But 
can I substantiate that? The only case that comes to mind/ 
that's... One clear case would be the Lysenko affair in Russia. 
Now I know a little bit about that but not very much. 

Side 2 of the audio cassette 

A: Because I don't think the United States is pure in its research 
either. I would .be suspicious because of who/ you know/ who is 
paying the bill. So if the big industrial/ military 
establishment is paying for much of science in North America then 
I'd be suspicious that the scientists are sort of narrowing their 
focus and the way they look at the world. But can I document 
that with a case? No I can't. I'm just suspicious at this 
point. 

B: Well I think that's sort of a current issue that has come up in 
science. Whether it is socially constructed as opposed to the 
activity that's often presented to students. And more and more 
people are going to the idea that they say yes it is socially 
determined and determined in a variety of ways. O.K./ now when 
do biologists come up with theories? At what stage in the 
process do you develop a theory? 

A: Well/ I'd have to give you theoretical answer I guess. The word 
theory to me means a body of knowledge that explains a number of 
smaller issues. It's a larger framework from which one can speak 
to smaller issues and this formulates over time. To me the way I 
see it is one of the steps is a combination of observation and 
curiosity. And one picks up little bits and pieces of 
information/ data or facts in the small sense which then raise 
some questions. These observations then generate the questions 
to which we will then propose or present the hypotheses which 
will then be tested. To me a theory encompasses maybe then 
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several l^potheses that have been tested and have been examined 
for some time by several people or many people, itor so I would 
see hypotheses f plural r generating a theory or formulating a 
theory. 

B: Alright/ what come after a theory then in that kind of scheme? 

A: Well what you'll find in my biology textbooks eventually it may 
be a theoryr it could be elevated to a law. And to me if that's 
the way it's being used the term law simply indicates a higher 
level of validity* Or it simply represents a more rigorous level 
of testing and therefore carries with it a higher level of 
certainty. 

B: Is there anything after a law? 

A: Not really. You mean in terms of even more certainty? No I don't 
think that science ever produces what one would call something 
beyond challenge or beyond skepticism. Yar beyond the need for 
further verification. 

B: Would that also be true, you've used the word fact in your 
description 

A: The word fact I was using simply as a little bit of information. 

B: aiCf to you even those kinds of pieces of information can be 
challenged and changed? 

A: When I'm collecting facts I'm resorting to the use of my eyes 
and my ears and my senses. And I've lived long enough with my 
eyes to know that they play tricks on me. And what I thought I 
saw I didn't see. And also as we go from the world out there to 
the eye ball into the brain many tilings wonderful and weird can 
happen. And so what ends up in mj^ brain as a bit of information 
or a fact is certainly open to challenge. And in that sense I do 
not believe anymorer maybe I never didr I'm not surer but I've 
consciously come to recognizer at least at this pointr that 
science never produces aiiything I would want to label truthr in 
the absolute r completer v^iole sense. 

B: Unir huh. 

A: And I think as I r as you're participating in this ever 

accelerating growthr ah we learn that more easily if we would 
have 50 or 60 years ago. Ahr 

B: If r if that's the case then how do biologists ahr decide which 
theory they should accept? On v^at grounds do they do that? 

A: Wellr to me it's sort of like a test, at least I'm really 

sticking my neck out on this butr how do I decide whether it's 
good music? 7\nd time is very important to me in that. I think 
time in science is extremely important and what happens to ideas 



340 



327 



over time is, is a good way to check whether something should be 
elevated to, pretty significant point or whether one should hold 
back and say well I'm going to wait and see about that. 



B: I don't 
A: 



You don't follow vdiat I'm saying 



B: L£eally understand your 

connection of time and the acceptance of a theory. 

A: Wellr I think a theory has been tested but it's going to be 
teisted some more. If I follow my scheme of observation, 
hypotheses, testing and theory then I would think how much 
testing caii be done is dependent upon how much time is available and 
how much time is past. And I'd see that as more and more time 
passes more and more tests have been done a theory becomes more 
authoritative. 



B: So 
A: 



_In that sense time is required. 



B: Do you see things like simplicity, common sense, the use of 

logic, urn, moral considerations, political considerations, any of 
those kinds of things involved in your decision to accept one 
theory over another. 

A: Common sense, I trust tha^:;^ Or intuition, I think how does this 
particular theory fit into other ways of knowing. I shouldn't 
say, other bodies of information, other, other contributions that 
have been made fcy other fields or other v;ays of knowing. I think 
one continuously strives for a whole world and not a fragmented 
world view. And a theory, a new theory or a biological theory 
should somehow fit in or relate to some other ideas that, that 
are present* And one doesn't take them in isolation. And common 
sense would be one way of checking. 

B: But, ah, the element of empirical testing is still the overriding 
way? 

A: Ya, if it's going to be called science. Ya. 

B: Do they do it on the basis of intuition do you think? Accepting 
or rejecting theories? See [that's 

A: I think that if I was seeing, well 

ideally I think that hypotheSies are more clearly related to 
intuition than are theories. 

B: we are talking about time and whether or not you will accept a 
piece of music as being worthwhile. That's what I thought you 
meant r that there was an element of intuition there. That you 
couldn't specifically say why music that has survived from the 
Renaissance is quality music as opposed to a piece of music that 
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was written yesterday. 

A: No. I guess I would suggest using music as a parallel but 
something of quality or worth will survive. I have that 
confidence. Now I don't know why, I just think there is 
something proven about something that is old But maybe that is 
not correct. Just because a notion has been around for a long 
time, like the earth is flat, or the earth revolves around the, 
sorry the sun revolves around the earth, or it could go the 
other way too I guess, just because that idea was held for a very 
long time wouldn't necessarily mean that it was a good idea, I 
guess. So there I'm contradicting myself. But just the same, 
endurance brings with it sane authority. 

B: Alright, when biologists reject theories, right you have two 
theories and one is found wanting for whatever reason, is it 
legitimate to do two things to them. One add ad hoc statements 
to it to overcome these difficulties to keep the theory going for 
a while longer. And the second one is it permissible to add 
auxiliary statements to those theories you find that they have 
not specifically run into problems but if you add auxiliary 
statQtients that will iitprove the predictability of the theory? 

A: This reminds me of sanething again from a different field. The 
parable sort of goes you don't sort of put new patches on old 
skins. You'd be better to sort of throw out the old skin and 
start with something completely new. And on the other hand if 
you have nothing better to replace it, I guess you got to keep it 
around with sane patches on it for a while. 

B: What about if you do have something better? Or what was 
conceived to be better by a certain group? 

A: Well, if you're asking me as an individual to make a choice I have 
to go for this and not that. But maybe it isn't quite that 
simple. Maybe the old one has some good features about it. For 
example, dealing with this case of root transport, the root 
pressure versus the, you call that a theory, versus the TCT, 
transpiration cohesion. Now I can see merit in both those points 
of view and wouldn't want to be pushed to the extent that you've 
got to accept one and not the other. I'd like to have the 
freedom of hanging onto both and saying well this one speaks to 
this kind of a situation better than that one. i^ut that one 
speaks better to these problems than that one. t'o i*d keep 
several going at the same time realizing that we don't have a 
complete answer at this time. And I don't see that one theory 
has to automatically exclude another one because no theo^ to ne 
is a complete description. 

B: Alright. That question that I had there came from Popper in the 
'30's or '20's. Ah, he said that if you have a theory that gets 
itself into trouble for whatever reason and its found to be 
incorrect in an area you have to reject it and generate a new 
theory. What becomes of that problem? 
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6. Km 

The scientific method as proposed by Bacon forms the basis of 
Tony's conception of biology. Tony believes that biologists begin a 
study- by -accumulatirig r^-evant data- fr-oin- all sour<:es and on the -basis 
of this data develop a hypothesis. Following that, controlled 
experiments are conducted to test the hypothesis and if the r&sult s 
verify it, the original staterrisnt is considered part of scieiitii:ic 
knowledge. By repeatedly verifying the original observation a theory 
can be formulated and if it is verified it then acquires the s : atus of 
a scientific law. Once again key experiments are needed to test the 
law and upon verification the law becomes part of biological knowledge 
that is known with certainly. 

For Tony the scientific method ais outlined is a process that 
provides confirmation of the biologi&t's pernonal observations. This 
belief involves two important assumptions. The first assum^^ion is a 
direct relation exists between the biologist's sensory experiences and 
the natural jiienomenon being observed. The second assumption is 
sensory experi-.nces provide reliable data. It iseems Tony is not aware 
that he is making these two assumptions and that his conception of the 
scientific method depends on them. There is a realization that biased 
observations are a possibility but Tony demonstrates an implicit faith 
in biologists and the method they use. He assumes that the scientific 
method provides objective results and thus any knowledge that is 
discovered is also objective and reliable. This belief is 
demonstrated in this discussion: 



Tony: Ya, I think he la biologist] has a preconceived idea of 
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what's going to happen. And I don't know if that's ... I 
don't know if that's going to affect the results txmt much. 

Es So, O.K. go ahead. Now you talked about objectivity/ and ah, 

the opposite of that is subjectivity. Now, if you have 
indicated that biologists are subjective, that it can 
influence the data, therefore influence the results, 
i.nflue '.c the conclusions et cetera. What does that do to 
logical knowledge? what we call biological knowledge? 

Tony? .70uld hold back the progress made in that field. But I 

^jn't think it happens in reality to a great degree because 
you have so many scientists working on this project thai 
they'd overlook something. 

B: And you think they are very objective. That they don't ... 

TOny: Collectively they would be I think. Because, say one guy 

doing it and he might not be as objective as say you had ten, 
ten people working on the same thing. As they'd all see it 
and they all wouldn't write it off. 



The unquestioned assumptions provide the basis for Tony's faith 
in biologists and the scientific method. This faith is extended to 
where the experimental resulL's and conclusions are perceived as 
certain knowledge. The statement "it would hold back the progress 
made in that field" demonstrates that objective knowledge is 
interpreted as being certain, reliable and it provides a foundation 
for knowledge from future experiments. Contained within this 
statement are the implications that subjective knowledge is not 
certain, it is not reliable and thus future knowledge should not be 
based on it. These implications indicate that knowledge gained 
through the scientific method is considered more reliable than 
Imowledge gained through intuition, religious belief or 
interpretations of historical events. 



The central feature of reliatie knowledge appears to be whether 
2vents can be obser/ed and measured by experimental means. 
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Theoretical concerns are rejected because they introduce elements of 
subjectivity to knowledge thus making it unreliable. Scientific 
knowledge is true only as long as it agrees with personally observable 
fact. Such observation may be indirect because of the necessity of • 
complex equipment but it is accepted providing a scientifically 
logical explanation is available. 

Tony's view of biological knowledge is that the scientific method 
allows biologists to uncover facts that exist in nature. These facts 
are true an€ \ achanging and providing biologists have been 
sufficiently clever in designing controlled experiments our 
understanding reflects perfectly what is in nature* If there is an 
error or discrepancy between nature and what v/e call biological 
knowledge it is because controlled experiments have not been developed 
to reveal the differences. On this basis biological knowledge is seen 
as an object that man studies but he has not created it. 
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7. JIM 

Jim's view of school biology is based on the Baconian image of 
science. This is demonstrated when he was asked: 



Bs ... How do you think biologists go about performing an 

experiment? 

Jim: O.K. First they ... They first have to come up with a 

problem. First they take the problem and they analyze it and 
try to plan out the best way to go about to solve the 
problem. So they analyze the question first. And after 
they've analyzed it and come up with the problem and how 
they're going to go about solving it, they propose a 
hypothesis which will try to project how the end result will 
come about. And they may not be right or wrong. It's just 
an idea of how it may come about. And tlien th^ go about the 
experiment in a very critical manner to make sure that 
everything they do is correct. And if they're not sure of 
the results they do an experiment three to four or five 
hundred times so they are confimed that their results of the 
first time or the f ifthr or the tenth time '^::re exact* 



This excerpt illustrates Jim's conception of school biology is closely 
associated with the Baconian image. In Jim's view it is apparent that 
a biologist follows the steps of the scientific method from open data 
collection to verified statements. Once a aeries of controlled 
experimaits have been performed and the ;:esults are verified the 
information is considered biological knowledge. 

The language in this excerpt indicates that a primary concern of 
the scientific method is to solve problems so that a correct answer is 
obtained. This is demonstrated by jiirases such as, "try to plan out 
the best w^ to go about to solve the problem" and "they propose a 
hypothesis which will try to project how the end result will come 
about." The phrasing indicates that biology is seen as a system in 
which a method is applied to obtain practical answers. This view of 
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biology is further reinforced when Jim states: 

Jim: Science is just knowledge. Knowledge and it's appi .,ow 
it's applied Like Newton, he applied his knowledge -^id 
vrorked at i\. so that he came up with certain lawSa That's 
tlirough expe!"aaentation and using these laws we're able to 
learn more knowledge* 

His pragmatic view of biology influences how biological knowledge is 
perceived This is shown when he was asked to give examples of what 
he considered knowledge: 

Jim: Alright. Well from class I know what carbohydrates were, 

what proteins were and how they're used in your body. Like 
the human body. 

B: Urn, huh. 

Jim: That to me is very important because I'd like to know what's 
happening inside myself. 

The response * lie qu>3Sticn shows that facts are termed 
knowledge. An important aspect of such I<.aowledge is that it is 
immediately useful. In Jim's words "facts are not useful unless they 
can be applied to help solve or give new insight to old or rigid 
fields. The combination of facts being interpreted as knowledge and 
the implication that information has to have immediate utility 
indicates that biology is viewed in a technicrl way. By attributing 
technical characteristics to biology it is being perceived in a 
particular way. A technical view ignores sociological/ philosojiiical 
and psychological aspects which influence the development of the 
science and any knowledge associated with it. For example^ the 
elements of creativity and curiosity are neglected in a technical view 
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because the enipi;-i3is shifts to solving problems. According to Jim "a 
technical view, on its own, does lead one to ignore elements such as 
creativity and curiosity" but ignoring a technical viewpoint is just 
as serious. He states a technical view is necessary to obtain as 
complete a picture as possible and when it is ignored "bias by 
omission" occurs, i^rently Jim is aware of human elements in 
biology but they are down-played and his conception is best described 
as technological. 

Cnce the focus of biology has shifted to solving problems there 
is a corresponding shift in what is termed knowledge, an acceptable 
methodology, and the purpose of biology. It appears Jim considers the 
purpose of biology to be gaining as much factual information as 
possible so that a solution is found for practical problems. The 
purpose then dictates that a methodical approach be ajplied to 
controlled experiments thus efficiently producing answers. 
Consequently knowledge is seen as factual st5tef>i.„nt - that are verified 
by experimentation. The source, or initiating -.oi; ;:. of £ jcii knowledge 
is a problem that is affecting society, it is the researclier's 
opinion that part of the faith that Jim is displaying in the 
scientific method is due _j the misrepresentation of the history of 
biology. Biological history is frequently reported as a seqji'jnce of 
unqualified successes in which one brilliant scientist aft'^r another 
established answers to significant problems. One aspect that is 
ignored in this imagined unbroken chain of advances is the vast body 
of material that was accepted as scientific in its day but no longer 
is it regarded as such. There is a lack of appreciation of 



376 



unsuccessful experimentation and theorizing about questions that were 
judged significant at the time. It is the researcher's contention that 
Jim is not aware of experimental and theoreticsJ. failures thus he 
associates biology with an abLlity to solve any problem, providing 
sufficient time, effort and material are available. 

A technical view also prevents biological knowledge as being seen 
as something that evolves by critical selectioa. A technical view 
gives a sense that the problem and methodology are logically 
structured so that resulting knowledge is consistently validated by 
the community of scientists. This image is v rjposite one where 
biologists report conjectures, unreproducible observations or 
erroneous results that are not validated by subsequent work. The 
imperfect image of biological methodologies rgues for knowledge by 
consenus. This means that biologists retain what is accepted as 
knowledge when they are fully convinced it is validated. Thus with 
the imperfect view of knowledge formation, there is a select :t:;n 
process involved but with a technical view knowledge is pred^ .ermined. 
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INTERPRETATICNS OF STUDENIS EXHIBITING A 
MODIFIED POSITIVISTIC IMAGE OF BIOLOGY 

1. LMSOJ 

A dominate feature in Lawson's conception of school biology is 
the reliance upon controlled experiments to yield scientific 
stateiaents about observations. Providing human error is avoided when 
experiments are performed the results are accurate reflections of 
Aiature and thus conclusions allow biologists to explain a process or 
relationship that exists in the natural world. The dependence of 
biology on controlled experiments became evident when Lawson was 
asked: 

B: ... If you ''ere a biologist how would you go about doing an 

experiment. What would you do? 

Lawson: Well you have to analyze what you are doing and then just 
take the first logical step. 

l^n further questioning "the first logical step" consisted of 
gathering as. much background information as possible. Such 
infcrmation comes from observations, past experience or readir.g 
accounts of previously performed experiments. The conception of 
biological methodology is con^sistent with the classical method that is 
termed "the scientific method." When asked where Lawson received the 
idea that bioJogists follow this method h i replieo: 

La„^^.i: Oust going through school. Biology, aiC, in each biology 
grade, like last year we did Mendel and he was just lucky in 
his expeiritD^ts tl,at he picked peas with each factor was on 
one chroiTiosome. So he was just lucky. And ah, each course 
we take there is always someone who is sort of special and 
Mendeleev in chemistry. 
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Within his conception of school biology is an incJication that 
nature is not capricious and methods employed by biologists aie 
subject to interpretation and inspiration. As a consequence 
conclusions are not necessarily true. When confronted with anomalous 
results of 'identical experiments Lawson's immediate reaction was to 
attribute the difference to human error and defend the inherent logic 
of controlled experimentation. In discussing this point with Lawson 
he stated that "individual abilities and interpretation are part of 
human error" thus he is suggesting anomalies are part of biology but 
he did not question the logic of empiricism. 

Another feature of his image of biology is that information is 
gained through the senses while performing experiments. In addition 
there is a belief that it is possible to be objective so that any 
inferences made^ provide true explanations of na^ re. Despite the 
recogi'ition that biologists are subjective about the design of an 
experiment or^ the interpretation of results these factors are 
implicitly discounted as affecting conclusions. These points 
demonstrate an inherent faith that the scientific method yields facts 
which are considered knowledge. 

Associated with Lawson's conception of school biology is the 
belief that sensory experience is more reliable than thought in both 
initiating hypotheses and determining what are acceptable 
observations. By accepting the premise that sensory experiences yield 
reliable data a question arises as to the level on which such 
experiences must be observed to qualify for inclusion in biology. 
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There is a sanse in the discussion that sensory experiences must be 
direct. If the experiences are reported by another individual they 
are still acceptable because they have been directly observed. An 
important point to make is the student sepa:.ates direct and indirect 
personal knowledge. Direct observation yields knowledge, while 
reported observations require inferences to be made thus such 
knowledge is considered indirect. Farther/ indirect personal 
knowledge is seen as being less reliable because of the possibility of 
introducing errors when making the required inferences. This view 
implies direct personal knowledge provides the basis of biological 
knowledge. 

Early biologists are seen as individuals who uned their 
elementary knowledge to develop a simple hypothesis that could be 
tested by controlled experiments. Gradually information gained from 
these experiments provided future biologists with more knowledge that 
could be used in their investigations. Because modern biologists have 
a large amount of background knowledge they do not employ inspiration 
to the same degree as early biologists did. This is illustrated in 
this excerpt. 



B: You say that [the use of inspiration] happened in the past. 

But/ urn you don't feel that a biologist today would use that 
kind of logiC/ if it can be termed logic? Now it may not 



Lawson: 



follow the rules of formal logic as you would learn in 



I know. 



math/ 
Ah/ ya 



B: Can you give me a reason why they would not use it? Can you 



think 



Lawson: 



of 



1^ guess not. No. The fact that there's just so much 
more science now. Well sort of like more ways of going about 
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doing things and analyzing and ah, electron microscopes and 
all that. I just thought they're more positive about what 
they're doing. ... 



Ihe preceding excerpt shows modern biological knowledge as a 
product of a method which relies on previous experimental information. 
Implied within these statements is the idea that knowledge is 
cumulative and it is the result of a logical process, m other words, 
biologists have sufficient information to produce more knowledge and 
thus they do not have to rely on inspiration if sufficient background 
information is available, if a modern biologist is performing 
experiments in an area that lacks background information he relies on 
inspiration just as the early biologists did. Besides modern knowledge 
being seen as logical, it is also interpreted as being certain. The ' 
statement, "I just thought they're more positive about what they're 
doing." indicates biology, as a method, yields information that is 
certain. 

It appears the belief in certain knowledge arises froir. the idea 
tliat controlled experimentation provides consistent results which gi 
an accurate reflection of nature. There is a provision built into 
this conception of knowledge that accounts for anomalous results. 
Since irregularities are due to human error biologists obtain a 
representation of the natural world when they perform an experiment 
and thus conclusions explain processes or relationships that are 
perceived to exist in the natural world. This argument indicates an 
indirect correspondence between nature and our understanding of it. 

Expressed within the student's statements is the idea that direct 
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observational experience or experimental evidence is not necessarily 
more reliable than thought, in Lawson's words "observations and 
experiments can be just as easily manipulated as [thought] and 
therefore are no more reliable than thought." A comment of this ' ' 
nature indicates that Lawson believes the formation of biological 
knowledge depends on methods other than empiricism but he stilJ. gives 
the impression that it is the most reliable. On this basis controlled 
experiments provide one method of obtaining data which makes up 
scientific knowledge. Such knowledge consists of what is known by 
direct personal experience and to a lesser degree by indirect 
experience, it appears he is using "know" in the weak sense, in 
other words observations from direct experience become known if he 
believes the observation, he has good grounds [empirical] on which 
to base his belief and the belief is established to his satisfaction 
of being true. There is an unwitting switch of knowing scientific 
knowledge in the weak sense, to knowing it in the strong sense. 
Knowing it in the strong sense makes the knowledge certain, in this 
way scientific knowledge consists of what is known from personal 
observation. 
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A Claim that can be made about the student's conception of school 
biology is that he believes the world is knowable through a variety of 
ways but empiricism is the most reliable. This ijidicates he is 
interpreting the physical world to be outside peoples' minds and 
consequently independent of their minds. His view iiuplies that direct 
personal obS€.rva'.l;vis are partially mediated by cjiture and thus such 
observaticn;=5 are accurate reflections of nature. 
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with the existence of a close relationship between observations 
and empirical experiments biological knowledge is seen as accumulating 
and the greater the number of times an observation is made, the more 
certain the knowledge becomes. This has meaning because Lawson give^j 
the impression that the empirical method provides true, factual 
information which is certain. Uncertainty is attributed to human 
error rather than questioning the manner in which empirical knowledge 
is gained. 
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2. OTJDY 

Judy interprets school biology from a practical viewpoint. To 
her biology is a method that allows mankind to develop explanations of 
natural phenomena so that it is possible to intervene in the natural 

if 

world. Ker viewpoint is illustrated in the f ollov/ing excerpt* 
B: What is the purpose of biology? 

Judy; I figiare it's pretty well to discover more about what's 
around us and if something goes wrong you can f .tt. 

A technical view of biology is presented by Judy. This is 
evident because the values of certainty/ control/ precision/ 
predictability and efficiency are essential to her perception of 
biology. These values are associated with man being able to determine 
problems in nature and solving them. The elements of certainty/ 
precision and predictability influence what is considered problem 
solving knowledge. In the original discussion Judy made a distinction 
between general and biological knowledge. To her, general knowledge 
is any information that is gained from experience. This broad 
conception includes mythological stories as well as specf ic directions 
for the use of a piece of equipment. In other words / general 
knowledge is not necessarily practical. In the case of biological 
knowledge practicality is not necessarily essential but it does become 
important. According to her biological knowledge is "everything we 
know about biology" and when questioned further she states that it is 
"facts about nature or ways to gain these facts." Although the 
criterion of usefullness is not mentioned in her conception of 
biological knowledge/ it becomes evident that utility is an important 
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aspect of such knowledge. This point is caisplayed when she was asked/ 
why is biology studied? 



B: O.K./ so I understand. For one thing you're telling me it 

is important to satisfy our curiosity, right? And another 
thing [is] to nake the world a better place? For the 
betterment of the world? No? 

Judy: In so much/ if we Wderstand whet's going on, if sometliing 
goes wrong we can fix it* So 



B; 



Ya. 



Judy: that if something in the body goes wrong we know enough about 
the body that we can do something about it. Rather than do 
what they were doing a couple hundred years ago and just 
bleed them or something. Now we know what's going wrong and 
why it goes wrong chemically and physically. We know what 
happens and so we can fix it. 



On the basis of these observations Judy's conception of biological 
knowledge involves the element of utility and thus an inference that 
can be made is knowledge is accepted according to this criterioa An 
implication of this inference is that information which is judged non- 
useful is still viewed as knowledge but it is considered of secondary 
importance. The introduction of a usefullness criterion shows Judy 
has incorporated a sense of value in her conception of biological 
knowledge. It appears that utility is most important but values such 
as control and efficiency also determine the status of knowledge. For 
instance/ knowledge gained from an experiment would be considered of 
secondary importance if it did not allow a biologist to control a 
situation. 



As conceived/ Judy's view of biology is a method that produces 
applicable and non-applicable knowledge. Included in her view are 
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criteria that are used to evaluate knowledge* B7 including these 
features in her conception she is limiting originality in biology* 
Spontaneity and creativity are partially removed from the research 
process because the criterion of uti].ity limits the questions that are 
studied* For example, a basic research question may not be studied 
because it lacks immediate applicablity. The creative aspect is 
further limited because a utilitarian goal is to solve practical 
problems as effectively as possible. Since such problems arise from 
practical situations r the goal of biology is in effect prespecif ied. 
Research directions are influenced because desired outcomes are part 
of prespecif ied goals. By prespecifying a goal a desired outcome is 
either implicitly or explicitly stated and thus particular features of 
the research process are determined. For instance/ the research 
questionr its directionr and the methodology are partially determined 
by stating a goal. By specifying the beginning and tiie end of the 
research process constraints are placed on the process and 
consequently creativity is limited Seen in this way Judy's view of 
biology is interpreted to be a problem solving technique in which the 
biologist's function is to generate correct answers as efficiently as 
possible. 



A particular conception of biological knowledge is associated 
with Judy's view of biology being a problem solving technique. To 
herr biological knowledge is all the "proven facts and ways of gaining 
these facts." Once a factual statement is accepted the possibility 
exists to use it as a basis to answer other questions. In this way 
knowledge is seen as facts plus explanatory relationships that exist 
among tne tacts. Since racts ana inner relationships are constantly 
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being discovered biological knowledge continually grows, The notion 
of growth meai^s past knowledge serves as a basis for present knowledge 
and thus there is a sejise of an accumulaticn of knowledge. Even 
though Judy argues for the growth of knowledge her idea is not 
extended to where biology results in ultimate truth. It appears her 
representation of knowledge involves an element of consensus. She 
states "knov/ledge is accepted by consensus but it is not formed by 
consensus." The statement is interpreted to mean that biological 
knowledge is discovered through the scientific method but before such 
a discovery is considered knowledge the scientific community must 
agree to accept; the discovery as knowledge* Such a view means that 
the possibility of biological knowledge changing in the future is a 
certainty. In Judy*s view what is considered knowledge today will not 
be considered knowledge in the future. 

Judy appears to view biology as a technical process that yields 
information which is accepted or rejected on a consensual basis. If 
the information is accepted it is then considered biological 
knowledge* Despite a technical view/ and a constant refer al to 
knowledge as "bits" and "pieces of information" she does not view it 
in an objective manner. In her conception there is a sense that man 
has created knowledge and this accounts for her sense of 
certainly that knowledge changes and there is no such thing as a 
biological truth. Judy views biology and biological methods as tools 
with wiiich knowledge is created. 
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3. KflTHY 

Kathy^s notion of school biology is based on empiricism. There 
is .an implicit faith on her part that conclusions! based on the 
scientific mothod are true. An assumption is made on the basis of her 
faith in the method. The assumption is that if the conclusions are 
true then the statements are proven and consequently information 
contained within such statements is considered fact* Such facts are 
then considered biological knowledge^ 



Although Xathy's view of biology is heavily dependent on an 
experimental approach, she has modif ed the classical empiricist 
position by incorporating intuition and interpretatic a into the 
process. By introducing intuition into hypothesis formation, and 
interpretation into data .analysis, Kathy has included an element of 
tentativeness in her conception of biology. The empirical position 
and the idea of tentativeness appear contradictory but Kathy has 
incorporated them into a single view by using empiricism as the 
foundation by which biological knowledge is first established and then 
introducing data from other ways of knowing to the system. The 
combination of empirically derived facts, plus data from intuition and 
personal interpretation can then be used to develop hypothetical 
positions that are tested by empirical means. The introduction of 
tentative knowledge seems to be in respose to a realization that 
factors other than controlled experimentation influence knowledge 
formation- Despite this awareness, she has placed her faith in 
empiricism ana the type or knowleage this meimoa generates. The 
following extract illustrates the degree of faith : :athy has in the 
method and its ability to yield knowledge which is accepted as proven 
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and therefore necessarily true. 



B: See when you think of it, what ctoes that [the 

realization that biologists may not be objective! do to all 
of the scientific knowledge that we have? Where does it 
place 

Kathy: You, you kind of put doubt into it now. 



B: And had you any doubt about what was scientifically valid 

before? 

Kathy: No, not usually. I usually take it for granted as being 
true. 



Not only does she have faith iji the ability of the system to 
yield valid and reliable knowledge, but she also has faith that 
biologists perform experiments and interpret results without affecting 
the validity or reliability of the resulting knowledge. This explicit 
faith is demonstrated in the following sequence: 
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B: Alright/ now how do you know that [plants* need carbon 

dioxide] is a fact? And two, how do you know it is a "true" 
fact? 

Kathy: You know because that's what they tell you. And you know 

because through research that's what the scientists have come 
up with and they've drawn their conclusions. 

B: When you say they tell you, who are they? 

Kathy: They, people who you believe to have a higher form of 
education; to be more knowledgeable. 

B: So you're basing this on, ah, in this case Mr. D [the 

classroom teacher]? 

Kathy: Yes. 

B: And also the people who have written the textbook? 

Kathy: Um^ huh. 
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B: Hie people that actually did the experiment in this case 

uiTi/ it was^ I guess/ Calvin you would have been referring to 
therer is that right? who supposedly discovered the steps 
that go into the dark reaction. 

Kathy: JJm, huh. 

Since Kathy's conception of school biology is based on the 
empirical method she tends to conceive of biological knowledge as 
being statements which can be verified experimentally. It appears <:he 
is aware of other ways of knowing but she is hesitant to accord these 
forms the same status that empiricism receives* Therefore biological 
knowledge primarily consists of factual statements that are derived 
from observing nature and testing these observations by controlled 
experiments. 

A conception of biological knowledge of this form means 
individuals do not create knowledge, they discover it, Therefore 
facts and relationships exist in nature and biologists uncover these 
elements of knowledge, niie exposure of the elements is accomplished 
by the use of controlled experiments* Such experiments are necessary 
beause they provide a check on the validity of the conclusions. 
Contained within this argument for the establishment of knowledge Is 
the unknowing reliance on the inductive method. Since the 
implications of induct.lon are unknown to Kathy, it is the researcher's 
opinion that this is the major reason why complete faith is placed in 
empirical results. 
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INTERERETAriQNS OF STUDENTS EXHIBITING A 
CONCEPTUAL CHANGE VIEW OP BIOLOGY 

3. JOEL 

The conception of school biology that is evident in Joel's 
comments involves an empirical approach that is modified to fit with 
realizations concerning knowledge and how it is formed. Joel "lews 
empiricism as a method that yields data about nature but the classical 
scientific method does not have to be rigidly followed to obtain 
information. This is evident when Joel indicates that it is possible 
to perform experiments without necessarily forming an a priori 
hypothesis. 



B: 



Alright, urn, is it possible for you to perform an experiment 
without a hypothesis? Without forming a hypothesis prior to 
doing the experiment? 



Joel: Ah, ya I guess so. If you're not sure what you're looking 
for you can. I guess you can. Because if you're not 
expficting what's going to be the outcome of the experiment 
thea you can. I guess you can. You could have formed a 
general hypothesis but nothing really specific 



His point is extended to theories and other structuring elements 
that are a central part in other students' conceptions of anpiricism. 
Joel's view contains a pragmatic element when a biologist is either 
doing original research or performing verif ication cjcperiments such as 
those done in biology classrooms. In the case of original research 
the bi.ologist may not have any idea as to what results are expected 
thus experiments are performed without a specific hypothesis. The 
purpose in this type of situation is to gain background information. 
In the case of verification e;r:«riments tne results are so well known 
that a statement is made about what students are expected to observe 
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thus a hypothesis is not stated prior to the experiment. According to 
Joel "the hypothesis can be stated after the experiment," This style 
of thinking was expressed in the following discussion: 



B: Alright/ for example that little lab that you did in class 

this morning/ did you have a hypothesis prior to doing that? 

Joel: Well the teacher told us what to look for before. 

Experiments are sort, of the same thing that he said what we 
were looking for was^ the colour separation 



B: 



pi.gments? 



And so... of the 



Joel: Ya. Tliat's what we expected to happen. He said that before 
the experiment. 

B: And so a hypothesis is a statement of what you expect to 

happen? 

Joel: That's/ that's not really of... The hypothesis is just what 
you're setting out to prove or disprove/ the question or 
statement. So he really didn't state a hypothesis. He just 
stated what to look for. 

B: O.K./ so a statement in that sense is different from a 

hypothesis? 

Joel : Ya. 



By viewing biological experimentation as a continuum/ with 
original research being one extreme and verification experiments the 
other extreme/ there is an implication that following the scientific 
method is inappropriate/ appropriate or unnecessary. In the case of 
original research it is inappropriate because insufficient information 
is available. In the second case where an experiment has sufficient 
inxormation but the results are noc preaictable a scienfific approach 
is appropriate. In the third case of verfication experiments the 
scientific method is unnecessary because the results are predictable. 
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This observation is interesting because Joel has incorporated a sense 
of practicality into his view of biology. Thus he is viewing the 
methocJs used in biology as being partly created by scientists and 
partly due to the science. 

With the implicit realization that biological methods are partly 
due to scientists' creativity this means knowledge derived from such 
research is also influenced by a human element. An indication of this 
perception is found in a comment made by Joel when he was asked: 

B: ah/ what does that [the changeability of what is termed 

fact] mean to scientific knowledge? 

Joel: All that it means is everything that's said isn't necessarily 
true/ now. You can't prove it otherwise but it's / it's the 
best explanation we have in something. 

This excerpt demonstrates that he recognizes biological knowledge is 
accepted on faith and it is not a dogmatic assertion of a direct 
correspondence betv/een natural phenomena and personal observation. 
When he says '"you can't prove it otherwise" he means whatever is 
currently accepted as fact is accepted as knowledge because it cannot 
be disproves Also within the jiirase is a realization that c 
potential exists for changing what is accepted as knowledge, since 
Joel incorporates tentativeness and acceptance by individuals into his 
conception of knowledge this means he views biological knowledge as 
being influenced by man. 

Joel's conception of school biology is largely that of an 
empirical approach that is nioaified by a variety of factors. It 
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appears one factor is recent teachings that present science as one way 
of knowing. The following extract illustrates this point. 



B: Is the information you have received over your twelve years 

of schooling in science classesr has it been presented in 
that way? That science is something that constantly changes? 
Even though we're calling it fact today it may not really be 
true? 



Joel: Ya, in chemistry we know that it is said the theory must be 
simple and it must be adaptable to change and a couple of 
other points. 

B: Which chemistry class was this? 

Joel; Chenistry 20/30. 



When questioned f urther, Joel indicated the teacher included 
specific material on the nature of science and different ways of 
knowing and it appears this material has influenced his view of the 
development of knowledge. 
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2. PAUL 

Paul's conception of school biology appears to involve a 
conceptual change vlf?w. There is an indication that experimentation 
provides the basis for biological knowledge but such knowledge is 
subject to interpretation. The knowledge basis seems to be founded on 
the belief that experimentation provides a degree of evidence which is 
tangible and/ therefore, more acceptable than other forms of evidence. 
This view is evident in comments such as this: 

Paul: I'd have to go through it [the basis on which a new theory 
is accepted] / I think. Ya, I think I probably would. Ya^ I 
think sa I would. I'm just trying to think in terms of 
somebody that has thought the same way for twenty years or 
something. Say an old scientist who has just come upon this 
new theory. Which happened a lot in the twentieth century, 
with Einstein's equation and stuff like that. And I think it 
would be very hard to change my pattern of thinking. But 
myself/ I think myself/ if it did explain part of the old 
theory and new parts as well, ya I would accept it. As long 
as it sounded reasonable. 

The sentence "as long as it sounded reasonable" demonstrates that 
factors othei: than experimental verification affect what is accepted 
as biological knowledge. In this case a non-rational factor of 
apparent reasonableness is used to help make the decision. Comments 
about "hunches" and "feelings" indicate an image of biology that 
incorporates subjective elements. Another indication that his view is 
a subjective one, is that he states experimentation introduces 
restrictions to what is considered knowledge. The implication is that 
the scientific method channels individual's thoughts and thus the 
method influences what is finally accepted as knowledge. The 
following exerpt illustrates the idea that subjective elements are 
involved in knowledge formation. 
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B: Do you think scientists operate on feelings very often? 

Paul: They might. I'd say hunches are a big part of feeling. 
B: Oh/ yes. 

Paul: And I'm sure that scientists go on hunches a lot. Ya, I 

think they probably do. I think they're probably important. 
Maybe not, when you think of the P.R. view, that you get from 
the media/ of a scientist they seem like such cut and dried 
people. And they sort of, their work is so methodical it 
wouldn't have room for feelings. But I think you'd have to 
have feelings. They'd have to be there for you to make 
hunches. To ah, state opinions especially and just to um, 
accepting a theory you'd have to go on your former education 
and how you felt about a certain theory before you accepted 
it. 

Contained within Paul's view of school biology is the image that 
biology is engaged in for practical and idealistic reasons. To him, 
the purpose of biology is to "gain practical knowledge, it is a very 
practical science." He does not make a distinct separation between 
curiosity and practicality in terms of basic and applied research. He 
states that biology answers practical questions and it also satisfies 
man's curosity about the natural world, when asked if he considered 
the practical aspects of biology as being more important than the 
idealistic ones he said that he could not make a decision as he sees 
merits in both positions. The knowledge basis for biology is still 
controlled experiments but the introduction of non-rationalness to the 
acceptance and rejection of knowledge indicates that Paul has 
incorporated an element of relativism in his conception of biology. 

The inclusion of subjective elements in Paul's conception of 
biology is evidence that he considers biological knowledge to be 
interpretable. An element of interpretation in biological knowledge 
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is contrary to material presented in science classes and textbooks. 
The following excerpt shows that in Paul's view material in science 
classrooms is often presented as dogma- 



Now, you said you were reading the Eu li Masters and 
that's making you question whether there is absolute 
truth. And in the science classes that you have had, 
has the science been presented so that it was absolute 
truth? 

Um, a lot of it is. I find especially in chemistry, I 
don't know so much about biology. But in chemistry they 
seem to tell you something one year and they don't, in 
at least two of classes, they didn't question it. 
But in the next year they seem to change the theory and 
go farther with it. 



The fact that a dogmatic stance is recognized in both classroom 
and textbook presentations shows a questioning attitude on Paul's 
part. It also introduces the possibility that biological 
knowledge is being viewed as subject to interpretation. The 
model of biology that is being projected is one that emphasizes 
consensual knowledge which is not necessarily true in every 
detail. The possibility exists that knowledge may contain large 
conceptual errors. This relativistic model is based on common 
sense, a realistic view of the world and how individuals function 
within it. The common sense view is then extended to biologists 
and how they are perceived as functioning within a scientific 
perspective. The argument seems to involve the rationale that 
man perceives a coherent world and biologists are expected 
to perceive the world in a similar fashion, since non-scientists 
use a variety ot methods to aetermine the acceptability or 
information, scientists are also expected to make use of similar 
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methods. For example/ individuals use both logic and intuitive 
feelings to make decisions, thus it is expected biologists also 
do this, Paul appears to have combined a common sense approach 
to the world with a questioning attitude to arrive at his ' 
conception of biolgical knowledge. 

One of the characteristics of knowledge that would be consistent 
with this view is the idea that knowledge is influenced by factors 
other than experiments. For example, politics, economics and common 
sense are some factors that Paul identifies as conceivably influencing 
the direction of research and thus influencing knowledge formation. 
The awareness that cultural factors are involved means that knowledge 
is interpreted differently by different people. As a result of 
interpretation, certainl^r is removed from knowledge claims. By 
removing certainty, the idea of absolute truth becomes an 
impossibility and this raises questions about how biology is taught. 
Doubt is being consciously introduced to his notion of biological 
knowledge. Paul prefers to view doubt of this form as a questioning 
attitude or a form of skepticism. The inclusion of a questioning 
attitude allows him to be constructively critical of biology and 
biological knowledge. 
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3. ALLEN 

Allen incorporates a variety of elements into his notion of 
school biology. The image is one of empiricism that is modified by 
developments in the philosophy of science. The classical scientific 
method is central to Allen's image of biology. There is a sense that 
man's observations of nature are not totally reliable but controlled 
experiments allow reliable inferences to be made about the information 
gained. It is on the basis of inferences that facts become accepted 
as knowledge. To Allen the scientific process of moving from 
hypotheses^ to theories ^ to laws reveals information which "gradually 
builds and gathers strength and becomes ioiowledge." 

The reliance on experimentation as a basis for Allen's view of 
biology is shown in this excerpt: 

B: ... Now can you tell me what a theory is to you? 

Allen: A theory? It's a^ let's see^-- It's a statement ^ it's a 
statement that makes a prediction^ an explanation of course ^ 
simple as well. 

B: O.K. It has to be simple^ it has to make predictionSf it 

also has to explain. Anything else? 

Allen: It's derived from experimentation- Um^ it has... It's not 
definite. Ah^ there's always possibility for change. In 
other words f other theories can be derived from it as well. 

He limits the derivation of theories to the empirical method which 
indicates that his primary view of school biology is based on the 
"classical scientific method". Throughout the discussion^ this basic 
element is evident but other influences from the jiiilosojiiy of science 
are observed. For example^ there is an implied faith that 
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observational experiences are reliable and they form the basis of 
experiments, in addition there is a belief in the logic of induction 
and that hypotheses, theories and laws are confirmed this form of 
reasoning. He attributes this belief to the way science is presented 
in classes. According to his perception of science classes "something 
was stated and it's assumed other cases apply." The use of induction 
is suggested in the following comments: 



B: Can you give me an example of a scientific fact? A 

biological fact? 

Allen: Um, any science? 

B: Yup, it doesn't matter. 

Allen: Um, cells have ENA. 

B: Now, how is that scientific fact, that cells have im, 

different from the cell theory? Have you talked about the 
cell theory of Schleiden and Schwann? 



Allen: V cells come from other cells ana 
B: 

Allen: Ya. 



Yes. Yes. 



B: aK., how is, how is the fact that cells have mk different 

from the cell theory? 

Allen: Um, knowing just that cells have ENA is just, is just a piece 
of knowledge rather than the cell theory. It allows us to 
develop the fact that cells have DMA. Um, it has more 
evidence for us to branch off into diverse areas. 



The statement "it allows us to develop the fact that cells have UHA" 
indicates that a process is involved in going from a theory to facts 
which are considered biological knowledge. The process includes 
controlled experimentation and inductive logic is used to 
arrive at conclusions which become knowledge. 




The foregoing points are part of a logical empiricist's 
philoso0iical position but Allen cannot be considered part of this 
group as his conception of biology includes elements of the conceptual 
change view. An illustration of the conceptual change view is found 
in his view of how theories are developed and accepted by biologists. 



B: 

Allen: 
B: 

Allen: 
B: 

Allen: 
B: 

Allen: 
B: 

Allen: 
B: 

Allen: 
B: 



Alien: 
B: 



Ahf alright. So that we'll go back to our theories for a 
minute here. How do biologists accept a theory? On what 
basis do they accept a theory? 

Unif mass approval. 

Mass approval? 

YeSf among the scientific community I suppose. Not 
necessarily in the general population, within the scientific 
community. 

Alright. 

Um, if it seems to have some validity, I guess that's why it 
becomes accepted, if it has potential. 

When you say potential, what do you mean? 

Such as to ah, to predict others. 

aK. potential to make predictions. Any other reasons you 
can think of why scientist would accept one theory and not 
another? 

Um, maybe they've proved it wrong. Maybe they've proved 
another theory to be more correct than another. 

O.K. and how would they go about doing that? 

Again through experiments. 

Again through experiments. If they do, um and end up showing 
that another theory, a conflicting theory, hs-^ got problems 
in a certain area, do you have to reject the whole theory? 
Olie theory that's got problems or do you 

It's just altered. It can be altered. 

You can alter a theory? 
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Allen: Such as a hypothesis can be altered to make for problems/ 
more exceptions to the case or... 

B: That leads me to ask you about what are called ad hoc 

statements to theories. So, do you understand what it means? 
O.K./ if we have a theory that runs into problems in a 
certain area, is it permissible for Uo to add certain 
statements into that theory in place of those tliat were there 
before that gave us the problems? That would be called an ad 
hoc statement* It means you add them after the fact* So 
that you're adding statements after the fact. 

ALl;2n: Is it permissible? 

B; Ya/ can you do that and still maintain the theory? 

Allen; Well of course the original theory isn't/ isn't in the same 
form. Um/ someone had to create the original theory/ so I 
suppose it's permissible for one if he's justified to change. 

B: So you feel that/ that is something that is permissible. And 

ah/ is it permissible to have a theory and it is not making 
the predictions we would like but we still maintain through 
the statements of the theory... Is it permissible to add 
auxiliary statements? In other words / some additional 
statements? 

Allen: Instead of replacing? 

B; Ya. 

Allen: Ya. 

B: Once again you can do that? Without creating your theory a 

problem? will it be the same theory if you add auxiliary 
statenents? 

Allen; Well I suppose there has to be a cut off point or the theory 
starts to encompass too broad a range. Um, 1 think it can be 
added to a point* 



Allen suggests that theories are developed through 
experimentation but it is acceptable to use both ad hoc and auxiliary 
statements to adjust a theory so it maintains its predictive power. 
He also identifies other characteristics of theories but argues the 
acceptance of a theory is based on apparent validity as judged by 
biologists* The inclusion of judging theories by mass approval 
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suggests Allen accepts a relativistic view of the development of 
biologjr. The sense of biology being relative is further enhanced by 
the manner in which hypotheses and theories are rejected. Once again 
it is a pe-csonal judgement of whether the hypothesis or theory has 
value. If certain aspects are judged as being in error then the 
theory is not necessarily rejected, instead the elements of the 
theory, that are considered of value, are examined and it becomes a 
matter of personal judgement whether or not the theory is rejected. 

The conceptual change view elements of Allen's view of biology 
influf ^c■e his perception of biological knowledge. Since empiricism is 
an important part of his view of biology, knowledge is seen as factual 
information that is verified ty controlled experiments. As a result, 
knowledge is still seen in an objective manner but the introduction of 
relativism removes certainty from it. By indicating that hypotheses, 
theories and laws are accepted and rejected by concensus he recognizes 
a human influence in knowledge formation, in effect, this removes 
certainty from biological knowledge because future biologists may 
accept a totally different view of some aspect of nature and neither 
the current nor future view could be conclusively disproven. On this 
basis previous knowledge is not necessarily used as a foundation for 
current research, it is conceivable that a biologist performs 
experiments in a research program without knowing or using the 
knowledge of photosynthesis that was gained by early biologists. As 
befitting a relativistic view of knowledge Allen indicates under 
specific circumstances the preceding statement accurately reflects his 
views but in other cases it aces not. He scates a "founaacion is 
necessary for knowledge but this may be built on fallacies because 
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knowledge is uncertair-" This comment is interpreted to mean a 
current research program results in inferences that are accepted as 
knowledge. Tlie use of words such as "foimdation" and "built" show he 
views knowledge as cumulative. In discussing this pointy he agreed 
with the interpretation but he added a provision that the certainty of 
knowledge is lacking because the possibility exists that the original 
knowledge claims are fallacious. According to Allen's view both past 
knowledge and the present conseiisual view form a framework for the 
formation of knowl^^,dge from biological research. 

Alien interprrets Knowledge to be statements that are proven by 
the empirical method* To him proven is the equivalent of verification 
by the scientific method. His view of knowledge also includes 
relativistic elements because biology is seen as an area of research - 
that is ijrjf luenced by individuals and knowledge is what is accepted by 
the group. Despite his conception of a gradual accumulation of 
knowledge he still maintains that it is tentative and subject to 
change. The view of tentative knowledge also conflicts with his 
belief of the "existence of an absolute truth" in biolc^gy. 
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